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(57) ABSTRACT

A storage element includes a layer structure, which includes
a storage layer including magnetization perpendicular to the
film surface, in which the magnetization direction is changed
corresponding to information; a magnetization fixing layer
including magnetization perpendicular to the film surface that
becomes a reference for information stored on the storage
layer; a tunnel barrier layer made from an oxide provided
between the storage layer and the magnetization fixing layer;
and a spin barrier layer made from an oxide provided con-
tacting the surface of the opposite side of the storage layer to
the surface contacting the tunnel barrier layer. A low resis-
tance region is formed in a portion of the spin barrier layer
formed with a predetermined set film thickness value and
information storage on the storage layer is performed by
changing the magnetization direction of the storage layer by
current flowing in the stacking direction of the layer structure.

14 Claims, 19 Drawing Sheets
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STORAGE ELEMENT, STORAGE DEVICE,
METHOD OF MANUFACTURING STORAGE
ELEMENT, AND MAGNETIC HEAD

CROSS REFERENCES TO RELATED
APPLICATIONS

The present application claims priority to Japanese Priority
Patent Application JP 2013-126388 filed in the Japan Patent
Office on Jun. 17, 2013, the entire content of which is hereby
incorporated by reference.

BACKGROUND

The present application relates to a storage element that
includes a plurality of magnetic layers and performs record-
ing using spin-torque magnetization reversal, a storage
device including the storage element, a manufacturing
method of the storage element, and further, a magnetic head
including the storage element.

Although a high density dynamic random access memory
(DRAM) that operates at high speeds is widely used in infor-
mation devices, such as computers, as a random access
memory, there is strong demand for a non-volatile memory as
a memory that replaces the DRAM, which is a volatile
memory, or as a memory that is used with the DRAM or the
like. Magnetic random access memory (MRAM) that records
information with the magnetization of a magnetic material
has garnered attention as a candidate non volatile memory,
and development is progressing.

MRAM recording methods include a method in which the
magnetization is reversed by an electromagnetic field and a
method in which magnetization reversal is caused by implant-
ing spin polarized electrons directly into the storage layer;
however, spin implantation magnetization reversal, which is
able to decrease the recording current along with decreasing
the size of the element, has garnered attention.

Furthermore, methods using a perpendicular magnetiza-
tion film in which the magnetization direction of the magnetic
material faces a perpendicular direction are being researched
in order to miniaturize the element.

In order to form a perpendicular magnetization film, a
method of obtaining a perpendicular magnetization film
using interface magnetization anisotropy that operates
between Fe or Co and an oxide layer is used.

A method for obtaining strong perpendicular magnetic
anisotropy is disclosed, for example, in Japanese Unexam-
ined Patent Application Publication No. 2012-59906. That is,
obtaining not only interface magnetization anisotropy that
operates between a tunnel barrier layer and a storage layer,
but also stronger interface magnetization anisotropy by form-
ing another oxide layer (spin barrier layer) on the opposite
side of the storage layer to the tunnel barrier layer, is dis-
closed.

SUMMARY

However, the two layers of the tunnel barrier layer and the
spin barrier layer act as a resistance in a magnetic storage
element. Therefore, the resistance of the element is raised by
providing a spin barrier layer, and the storage operation
becomes difficult in the range of operation voltages. Further-
more, since the spin barrier layer does not have magnetic
resistance, there is a hindrance when reading out information
for which the magnetic resistance ratio of the element is
decreased.
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It is desirable to provide a storage element having two
oxide films of a tunnel barrier layer and a spin barrier layer
which lowers the element resistance, and obtains a low writ-
ing voltage and large changes in magnetization resistance
while suppressing a decrease in the holding characteristics
and raising of the recording current.

According to an embodiment of the present application,
there is a provided a storage element including a layer struc-
ture which includes a storage layer including magnetization
perpendicular to the film surface, in which the direction of
magnetization is changed corresponding to information; a
magnetization fixing layer including magnetization perpen-
dicular to the film surface that becomes a reference for infor-
mation stored on the storage layer; a tunnel barrier layer made
from an oxide provided between the storage layer and the
magnetization fixing layer, and a spin barrier layer made from
an oxide provided contacting a surface of the opposite side of
the storage layer to the surface contacting the tunnel barrier
layer. A low resistance region is formed in a portion of the spin
barrier layer formed with a predetermined set film thickness
value and storage of information on the storage layer is per-
formed by changing the direction of magnetization of the
storage layer by current flowing in the stacking direction of
the layer structure.

Thereby, a spin barrier layer is formed with an approxi-
mately sufficient thickness of the set film thickness value, and
the resistance value of a portion of the spin barrier layer is
lowered by forming a low resistance region in a portion
thereof, while obtaining interface magnetization anisotropy
energy.

In the storage element, it is preferable that the spin barrier
layer be set as the low resistance region by being formed so
that a partial film thickness value is a lower value including a
film thickness zero than the set film thickness value.

That is, a portion of the spin barrier layer is formed as a
region with a low resistance value with a thinner film thick-
ness than the set film thickness value or a film thickness zero
(that is, removed).

In the storage element, it is preferable that an electrode
layer be provided on the surface side of the spin barrier layer
opposite to the surface that contacts the storage layer, and a
portion of the electrode layer be formed so as to enter with
respectto the spin barrier layer in the film thickness direction,
and formed so that the film thickness value of the entering
portion of the spin barrier layer is a lower value than the set
film thickness value. By forming the storage element in this
way, a portion of the spin barrier layer is made thinner than the
set film thickness value.

In the storage element, it is preferable that the electrode
layer be formed by a plurality of layers including a first
electrode layer and a second electrode layer that are stacked in
order from the spin barrier layer side, and a portion of the
second electrode layer be formed so as to enter with respect to
the spin barrier layer in the film thickness direction after
passing through the first electrode layer in the film thickness
direction.

It is possible to obtain a layered structure in which the
electrode layer enters into the spin barrier layer by a method
of stacking the second electrode layer after removing a por-
tion of the first electrode layer and further thinning a portion
of the spin barrier layer.

In the storage element, it is preferable that an electrode
layer be provided on the surface side of the spin barrier layer
opposite to the surface that contacts the storage layer, and a
portion of the electrode layer be formed so as to contact the
storage layer by passing through the spin barrier layer in the
film thickness direction, and formed so that the film thickness
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value of the passage portion of the spin barrier layer is a lower
value than the set film thickness value. That is, a portion of the
electrode layer is formed so as to contact the storage layer by
removing a portion of the spin barrier layer (film thickness
7ero).

In the storage element, it is preferable that the electrode
layer be formed by a plurality of layers including a first
electrode layer and a second electrode layer that are stacked in
order from the spin barrier layer side, and a portion of the
second electrode layer be formed so as to contact the storage
layer by passing through the spin barrier layer in the film
thickness direction after passing through the first electrode
layer in the film thickness direction.

It is possible to obtain a layer structure in which the elec-
trode layer contacts the storage layer by passing through the
spin barrier layer by a method of stacking the second elec-
trode layer after removing a portion of the first electrode layer
and further removing a portion of the spin barrier layer.

Inthe storage element, it is preferable that spin barrier layer
be set as the low resistance region by being formed so that the
film thickness value is a value lower than the set film thick-
ness value in one or both of a center region and a peripheral
region of a film surface.

The center region or the peripheral region of the film sur-
face is easily thinned by etching or the like from, for example,
an oblique direction.

In the storage element, it is preferable that the low resis-
tance region be formed by an oxide being reduced in a partial
region of the spin barrier layer.

A region with a low resistance value can be generated by a
portion of the oxide that configures the spin barrier layer
being reduced.

In the storage element, it is preferable that an electrode
layer composed of a plurality of layers including a first elec-
trode layer and a second electrode layer in which different
materials are stacked in order from the spin barrier layer side
be provided on the surface side of the spin barrier layer
opposite to the surface that contacts the storage layer, the
second electrode layer be made from a material with a higher
reactivity to an oxide than the first electrode layer, and the low
resistance region be formed by an oxide in a partial region of
the spin barrier layer being reduced by a portion of the second
electrode layer contacting or approaching the spin barrier
layer by passing through or entering the first electrode layer in
the film thickness direction.

If the second electrode layer made from a material with a
high ionization tendency or the like and a material with a
reactivity with oxides, and is set to contact or approach a
portion of the spin barrier layer, it is possible to make a partial
region of the spin barrier layer a low resistance region in
which the oxide is reduced.

In the storage element, it is preferable that the first elec-
trode layer be formed using at least one of Ru, Cu, W, Pt, Pd,
Cr, TiN, TaN, TiC and I'TO, and the second electrode layer be
formed using at least one of Ti, Ta, Nb, Zr, Hf and Y.

Through these materials, it is difficult for the oxide to be
reduced in the part of the spin barrier layer that contacts the
first electrode layer; meanwhile, it is possible for the oxide to
be reduced in the part that contacts or approaches the second
electrode layer.

In the storage element, it is preferable that the spin barrier
layer be formed using at least one of MgO, Al,O;, and SiO,.

Interface magnetization anisotropy that acts on the storage
layer is favorable obtained by forming the spin barrier layer
with these materials.

In the storage element, it is preferable that the set film
thickness value be 0.6 nm or more and 0.7 nm or less.
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The interface magnetization anisotropy energy is secured
and a coercive force is favorably set on the storage layer by
setting the film thickness of the spin barrier layer to 0.6 t0 0.7
nm.

Inthe storage element, it is preferable that the storage layer
be formed using at least one of FeCoB, FeNiB, FeCoC,
FeCoSiB, FeAlSi, CoMnSi and MnAl.

These materials are suitable to perpendicular magnetiza-
tion of the storage layer.

According to another embodiment of the present applica-
tion, there is provided a storage device which includes the
above-described storage element that holds information
according to the magnetization state of a magnetic material,
and two types of wiring that intersect one another. The storage
element is arranged between the two types of wiring, and a
current flows in the stacking direction to the storage element
through the two types of wiring.

According to still another embodiment of the present appli-
cation, there is provided a magnetic head which includes the
above-described storage element.

According to still another embodiment of the present appli-
cation, there is provided a method of manufacturing a storage
element, the method including a first step of stacking the
magnetization fixing layer, the tunnel barrier layer, the stor-
age layer and the spin barrier layer in order; a second step of
stacking a first electrode layer on the spin barrier layer; a third
step of filling an insulating material in the periphery of a
structure body due to the stacking, and working the upper
surfaces of the first electrode layer and the insulating material
to be substantially flat, or the upper surface of the insulating
material to project further than the upper surface of the first
electrode layer; a fourth step of removing or thinning a por-
tion of the first electrode layer, and a fifth step of stacking a
second electrode layer on the first electrode layer in which a
portion is removed or thinned.

Itis possible to comparatively easily manufacture a storage
element with the above-described structure by stacking a
second electrode layer in the fifth step after a portion of the
first electrode layer is worked in the fourth step.

In the method of manufacturing, it is preferable that the
spin barrier layer be formed so that the low resistance region
is formed by the film thickness value of a portion thereof
being set to a lower value than the set film thickness value by
thinning or removing a portion of the spin barrier layer after
a portion of the first electrode layer is removed in the fourth
step.

Inso doing, it is possible to obtain a layer structure in which
the electrode layer enters into the spin barrier layer.

In the method of manufacturing, it is preferable that a
material with a higher reactivity to oxide than the first elec-
trode layer be used in the second electrode layer, and the low
resistance region be formed by an oxide in a partial region in
the spin barrier layer being reduced by a portion of the second
electrode layer that is stacked in the fifth step contacting or
approaching the spin barrier layer by passing through or
entering the first electrode layer of which a portion is removed
or thinned in the fourth step in the film thickness direction.

In so doing, it is possible to generate a region with a low
resistance value as a portion of the spin barrier layer.

According to the embodiments of the technology, it is
possible to lower the resistance in the element while causing
interface magnetization anisotropy to effectively function
due to the spin barrier layer in a storage element having two
oxide films of a tunnel barrier layer and spin barrier layer on
both surface sides of a storage layer, and realize a storage
element with excellent storage characteristics and which is
able to operate at low power.
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Additional features and advantages are described herein,
and will be apparent from the following Detailed Description
and the figures.

BRIEF DESCRIPTION OF THE FIGURES

FIG. 1 is an explanatory diagram of a storage device of an
embodiment of the technology;

FIG. 2 is an explanatory diagram of a storage device and a
storage element of the embodiment;

FIGS. 3A and 3B are explanatory diagrams of a storage
element as a first embodiment;

FIGS. 4A and 4B are explanatory diagrams of storage
element as second and third embodiment;

FIGS. 5A and 5B are explanatory diagrams of storage
elements as fourth and fifth embodiment;

FIGS. 6A to 6D are explanatory diagrams of the storage
element as sixth, seventh, eighth and ninth embodiment;

FIGS. 7A to 7C are explanatory diagrams of the storage
element as tenth, eleventh, and twelfth embodiment;

FIGS. 8A to 8F are explanatory diagrams of a method of
manufacturing as a thirteenth embodiment;

FIGS. 9A to 9F are explanatory diagrams of a method of
manufacturing as a fourteenth embodiment;

FIGS.10A to 10C are explanatory diagrams of a method of
manufacturing as the fourteenth embodiment;

FIGS.11A to 11C are explanatory diagrams of a method of
manufacturing as a fifteenth embodiment;

FIGS.12A to 12D are explanatory diagrams of a method of
manufacturing as a sixteenth embodiment;

FIGS.13A to 13D are explanatory diagrams of a method of
manufacturing as a seventeenth embodiment;

FIGS. 14 A to 14C are explanatory diagrams of a method of
manufacturing as the seventeenth embodiment;

FIGS. 15A to 15C are explanatory diagrams of the struc-
ture of a test sample;

FIGS. 16A to 16C are explanatory diagrams of the mea-
surement results of a test sample;

FIG. 17 is an explanatory diagram of the structure of a
working sample;

FIG. 18 is an explanatory diagram of an example of an
electrode material of the embodiment; and

FIGS. 19A and 19B are explanatory diagrams of an
embodiment of a magnetic head.

DETAILED DESCRIPTION

Below, embodiments will be described in the following
order.

1. Configuration of Storage Device and Outline of Storage
Element of Embodiment

2. Storage Element of Embodiment (First to Twelfth
Embodiments)

3. Manufacturing Method of Embodiment (Thirteen to
Seventeenth Embodiments)

4. Testing

5. Summary

6. Modification Examples

1. Configuration of Storage Device and Outline of
Storage Element of Embodiment

First, the configuration of the storage device that is an
embodiment of the present disclosure will be described.

FIGS. 1 and 2 are schematic diagrams of the storage device
of'the embodiment. FIG. 1 is a perspective drawing, and FIG.
2 is a schematic cross-sectional view.
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As shown in FIG. 1, the storage device of the embodiment
is configured by arranging a storage element 3 according to a
magnetic random access memory (MRAM) which is able to
store information with the magnetization state in the vicinity
of the intersection of two types of address wiring (for
example, a word line and a bit line) that cross one another.

That is, a drain region 8, a source region 7 and a gate
electrode 1 that configure a selection transistor for selecting
each storage device are respectively formed on parts isolated
by an element isolation layer 2 of a semiconductor substrate
10, such as a silicon substrate. Among these, the gate elec-
trode 1 serves as one address wiring (word line) extending in
the front to back direction in the drawing.

The drain region 8 is formed in common with the left and
right selection transistors in FIG. 1, and the wiring 9 is con-
nected to the drain region 8.

The storage element 3 having a storage layer that reverses
the direction of magnetization through spin-torque magneti-
zation reversal is arranged between the source region 7 and a
bit line 6 arranged thereabove extending in the left to right
direction in FIG. 1. The storage element 3, for example, is
configured by a magnetic tunnel junction element (MTJ ele-
ment).

As shown in FIG. 2, the storage element 3 has two magnetic
layers 15 and 17. The details of the layer structure of the
storage element 3 will be described later.

Among the two magnetic layers 15 and 17, one magnetic
layer is set as the magnetization fixing layer 15 in which the
direction of the magnetization M15 is fixed, and the other
magnetic layer is set as a magnetization free layer, that is, the
storage layer 17 in which the direction of the magnetization
M17 changes.

The storage element 3 is connected to the bit line 6 and the
source region 7 via respective vertical contact layers 4.

In so doing, it is possible for a current to flow in the vertical
direction in the storage element 3 through the two address
wirings 1 and 6, and for the direction of the magnetization
M17 of the storage layer 17 to be reversed by spin-torque
magnetization reversal.

The “0” and “1” of the information is regulated by the
relative angle of the magnetization M17 of the storage layer
17 and the magnetization M15 of the magnetization fixing
layer 15.

In such a storage device, it is necessary to perform writing
with a current of a saturation current of the selection transistor
or lower, and decreasing the current flowing in the storage
element 3 by improving the efficiency of the spin transfer is
suitable in order to miniaturize the storage device because the
saturation current of the transistor lowers with miniaturiza-
tion.

In order to increase the read out signal, it is necessary to
ensure a large rate of change in the magnetic resistance,
therefore, applying the MTJ structure as described above, that
is, configuring the storage element 3 in which a tunnel insu-
lating layer (tunnel barrier layer) is formed as an intermediate
layer between the two magnetic layers 15 and 17 is effective.

In a case in which the tunnel barrier layer is used as such an
intermediate layer, a restriction occurs in the amount of cur-
rent flowing in the storage element 3 in order to prevent an
insulation breakdown of the tunnel barrier layer. In other
words, from the viewpoint of ensuring reliability with respect
to repeated writing of the storage element 3, it is preferable
that the necessary current for spin-torque magnetization
reversal be controlled. The necessary current for spin-torque
magnetization reversal may be referred to as the inversion
current, the storage current or the like.
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Since the storage device is a non-volatile memory device,
stably storing written information according to the current is
necessary. That is, it is necessary to secure stability (thermal
stability) with respect to temperature variations in the mag-
netization of the storage layer 17.

When thermal stability of the storage layer 17 is not
secured, there are cases in which the reversed direction of
magnetization is again reversed due to heat (temperature in
the operating environment), thereby resulting in a writing
error.

Although the storage element 3 in the storage device has an
advantage in scaling, that is, in being able to decrease the
volume compared to an MRAM of the related art, decreasing
the volume has a tendency towards decreasing the thermal
stability, all other characteristics being equal.

In a case in which the capacity of the MRAM continues to
increase, since the volume of the storage element 3 signifi-
cantly decreases, securing the thermal stability becomes a
significant problem.

Therefore, in a storage element 3 in an ST-MRAM, the
thermal stability is an extremely important characteristic, and
it is necessary to design a storage element so that the thermal
stability is ensured, even if the volume is decreased.

Next, an outline of the storage element 3 of the embodi-
ment will be described.

The storage element 3 of the embodiment reverses the
direction of'the magnetization of the storage layer 17 through
the above-described spin-torque magnetization reversal,
thereby recording information.

The storage layer 17 is configured by a magnetic material
including a ferromagnetic layer, and stores information
according to the magnetization state (direction of magnetiza-
tion) of the magnetic material.

Although the layer structure of the storage element 3 of the
embodiment is variously described in FIG. 3A, and FIGS. 4A
to 10C (first to twelfth embodiments), considering the ease of
comprehension, first the layer structure that is a basis for the
embodiment is shown in FIG. 3B, and, thereby, the outline of
the storage element 3 assumed in the embodiment will be
described. Below, the matters described with reference to the
model of the layer structure in FIG. 3B should be interpreted
as matters common in the storage element 3 of the first to
twelfth embodiments.

The storage element 3 includes at least two of the storage
layer 17 and the magnetization fixing layer 15 as ferromag-
netic layers, and additionally includes a tunnel barrier layer
16 as an intermediate layer between the two ferromagnetic
layers, formed as the layer structure shown in FIG. 3B.

The magnetization fixing layer 15 is layered on the under-
layer 14.

A spin barrier layer 18 is provided on the surface side of the
storage layer 17 opposite to the tunnel barrier layer 16, and an
electrode 19 is further provided on the upper surface thereof.

The storage layer 17 has magnetization perpendicular to
the film surface, and the direction of the magnetization is
changed corresponding to the information.

The magnetization fixing layer 15 has magnetization per-
pendicular to the film surface that becomes a reference for the
information stored on the storage layer 17.

The tunnel barrier layer 16 is a nonmagnetic material, and
is provided between the storage layer 17 and the magnetiza-
tion fixing layer 15.

The direction of magnetization of the storage layer 17 is
changed by implanting spin polarized electrons in the stack-
ing direction of the layer structure having the storage layer 17,
the tunnel barrier layer 16 and the magnetization fixing layer
15, thereby information is recorded on the storage layer 17.
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Here, the spin-torque magnetization reversal will be sim-
ply described.

Electrons have two types of spin angular momentum. For
example, these are defined as up and down. In the interior of
the non-magnetic material, the same number of both is
present, and there is a difference in the numbers of both in the
interior of the ferroelectric material. In the magnetization
fixing layer 15 and the storage layer 17 that are the two layers
of ferromagnetic body that configure the ST-MRAM, a case
in which electrons are moved from the magnetization fixing
layer 15 to the storage layer 17 when the directions of the
magnetic moment are in opposite direction to one another
will be considered.

The magnetization fixing layer 15 is a fixed magnetic layer
in which the direction of the magnetic moment is fixed for a
high coercive force.

A spin polarization, that is, a difference in the numbers of
up and down, occurs in the electrons passing through the
magnetization fixing layer 15. When the thickness of the
tunnel barrier layer 16 that is a non-magnetic layer is config-
ured to be sufficiently thin, the electrons reach the other
magnetic body, that is, the storage layer 17 before attaining an
unpolarized condition (the same number of up and down) in
normal non-magnetic material by the spin polarization being
relaxed due to passing through the magnetization fixing layer
15.

In the storage layer 17, by reversing the encoding of the
degree of spin polarization, a portion of the electrons are
reversed, that is, the direction of the spin angular momentum
is changed, in order to lower the energy of the system. At this
time, because the total angular momentum of the system is
conserved, the total change in angular momentum and the
equivalent reaction due to electrons for which the direction is
changed is also applied to the magnetic moment of the storage
layer 17.

In a case in which the current, that is number of electrons
passing through in a unit time, is low, although the change in
angular momentum in the magnetic moment of the storage
layer 17 is small because the total number of electron in which
the direction changes is small, it is possible to provide a large
change in angular momentum within a unit time when the
current is increased.

The time change in angular momentum is torque, and
precession of the magnetic moment of the storage layer 17
begins when the torque exceeds a given threshold, and
becomes stable at 180 degrees of rotation due to uniaxial
anisotropy thereof. That is, reversal occurs from a reverse
direction state to same direction state.

If the current flows oppositely in a direction in which
electrons are fed from the storage layer 17 to the magnetiza-
tion fixing layer 15 when the magnetization is in the same
direction state, torque is applied when spin reversed electrons
next enter the storage layer 17 when reflected by the magne-
tization fixing layer 15, and it is possible for the magnetic
moment to be reversed to the reverse direction state. However,
in this case, the amount of current necessary to cause the
reversal becomes greater than in a case of being reversed from
the reverse direction state to the same direction state.

Although reversal of the magnetic moment from the same
direction state to the reverse direction state is difficult to
intuitively understand, it may be thought of as the storage
layer 17 being reversed in order to conserve the angular
momentum of the entire system, without reversing the mag-
netic moment for the magnetization fixing layer 15 being
fixed. In this way, the recording of 0/1 is performed by a
current of a given threshold or higher flowing from the mag-
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netization fixing layer 15 in the direction of the storage layer
17, or the reverse direction, corresponding to the respective
polarities.

Reading out of the information is performed using the
magnetic resistance effect, similarly to an MRAM of the
related art. That s, a current flows in a direction perpendicular
to the film surface similarly to the case of the above-described
recording. A phenomenon is utilized in which the electrical
resistance exhibited by the element changes according to
whether the magnetic moment of the storage layer 17 is in the
same direction or the reverse direction with respect to the
magnetic moment of the magnetization fixing layer 15.

Although the material used as the tunnel barrier layer 16
between the magnetization fixing layer 15 and the storage
layer 17 may be either a metal or an insulator, cases where an
insulator is used as the tunnel barrier layer 16 makes obtain-
ing a higher read out signal (rate of change in resistance) and
recording with a lower current possible. The element at this
time is referred to as a ferromagnetic tunnel junction (MTIJ).

When the direction of magnetization of the magnetic layer
is reversed using spin-torque magnetization reversal, the
threshold Ic of the current that is necessary differs according
to whether the easy axis of magnetization of the magnetic
layer is in the in-plane direction or in the perpendicular direc-
tion.

Although the storage element 3 of the embodiment is a
perpendicular magnetization type, the reverse current in
which the direction of magnetization of the magnetic layer is
reversed in the case of an in-plane magnetization storage
element of the related are is set to IC_para.

A case of being reversed from the same direction to the
reverse direction becomes,

Ic_para=(4-a-Ms-V/g(0)/P)(Hk+2nMs)

and a case of being reversed from the reverse direction to
the same direction becomes

Ic_para=(4-a-Ms-V/g(n)/P)(Hk+2nMs)

Here, the same direction and reverse direction are the mag-
netization direction of the storage layer 17 with the magneti-
zation direction of the magnetization fixing layer 15 is taken
as a reference. This may also be referred to as parallel and
antiparallel.

Meanwhile, when a reverse current of the perpendicular
magnetization storage element 3 as in the embodiment is
Ic_perp, a case of being reversed from the same direction to
the reverse direction becomes

Ic_perp=(4-a-Ms-V/g(0)/P)(Hk-4nMs)

and a case of being reversed from the reverse direction to
the same direction becomes

Ic_perp=(4-a-Ms-V/g(n)/P)(Hk—4nMs).

Here, A is a constant, « is a damping constant, Ms is the
saturation magnetization, V is the element volume, P is the
spin polarizability, g(0) and g(m) are coefficients correspond-
ing to the efficiency at which spin torque is transmitted to the
other magnetic layer when in the same direction and the
reverse direction respectively, and Hk is the magnetic anisot-
ropy.

In each of the above formulae, it can be understood that the
perpendicular magnetization type is suitable due to decreased
storage current when comparing (Hk—4ntMs) in a case of a
perpendicular magnetization type to a (Hk+2nMs) inacase of
an in-plane magnetization type.

The reverse current IcO is represented by the following
(Equation 1) that represents the relationship with the index A
of the thermal stability.
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Equation 1

o-(47)2)

Here, e is the electron charge, 1) is the spin implantation
efficiency, the h-bar is the reduced Planck constant, o is a
damping constant, k is the Boltzmann constant, and T is the
temperature.

In order to be a memory device, the device has to be able to
hold written information. An index of the ability to hold
information is determined by the value of index A (=KV/k;T)
of'the thermal stability. This A is represented by (Equation 2).

_ KV MgVH
T kgT ~  2kT

Equation 2

Here, Hk is the effective anisotropy field, kj is the Boltz-
mann constant, T is the temperature, Ms is the amount of
saturation magnetization, V is the volume of the storage layer,
and K is the anisotropy energy.

The effects of the magnetic shape anisotropy, the induced
magnetic anisotropy, the crystal magnetic anisotropy and the
like are incorporated in the effective anisotropy field Hk, and
this becomes equivalent to the coercive force in a case in
which a single domain simultaneous rotation model is
assumed.

The index A of the thermal stability and threshold Ic of the
current often have a trade off relationship. Therefore, estab-
lishing both often becomes a problem in maintaining the
memory characteristics.

The threshold of the current in which the magnetization
state of the storage layer is changed is, in practice, for
example, approximately a hundred to several hundred pA ina
circular tunneling magneto-resistance (TMR) element in
which the thickness of the storage layer 17 is 2 nm, and the
diameter of the planar pattern is 100 nm.

In contrast, it is necessary that the write current be several
mA or higher in an ordinary MRAM that performed magne-
tization reversal by the current magnetic field.

Accordingly, in the case of a spin-torque magnetization
reversal MRAM of the embodiment, it is understood that the
power consumption of an integrated circuit is effectively
reduced because the threshold of the above-described write
current is sufficiently reduced.

Because the wiring for generating a current magnetic field
that is necessary in an ordinary MRAM becomes unneces-
sary, there is an advantage in the degree of integration com-
pared to the ordinary MRAM.

Ina case of performing spin-torque magnetization reversal,
since writing (recording) of information is performed by a
current flowing directly to the storage element, the memory
cell is configured by connecting the storage element to a
selection transistor in order to select the memory cell to which
writing is performed.

In this case, the current which flows to the storage element
is controlled according to the magnitude of the current (satu-
ration current of the selection transistor) able to flow by the
selection transistor.

In order for the recording current to be reduced, it is pref-
erable that the above-described perpendicular magnetization
be adopted.

Because it is possible for the perpendicular magnetization
film to generally have higher magnetic anisotropy than the
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in-plane magnetization film, it is preferable that the above-
described A also be maintained to be large.

In magnetic materials having perpendicular anisotropy,
although there are several variations, such as rare earth tran-
sition metal alloys (such as TbCoFe), metal multilayer films
(such as Co/Pd multilayer films), ordered alloys (such as
FePt), and the use of interface anisotropy between an oxide
and a magnetic metal (such as Co/MgO), it is preferable that
rare earth transition metal alloys be not used as the MRAM
material of the embodiment because of the loss of perpen-
dicular magnetic anisotropy when diffused and crystallized
due to heating.

It is known that the metal multilayer film is also diffused by
heating, thereby decreasing perpendicular magnetic anisot-
ropy, and further because expressing perpendicular magnetic
anisotropy is a case of (111) alignment of a face centered
cubic, it becomes difficult to realize (001) alignment
demanded in MgO or a high spin polarizability layer, such as
Fe, CoFe and CoFeB, that is arranged adjacent thereto.
Because 110 ordered alloys are stable at high temperature,
and express perpendicular magnetic anisotropy during (001)
alignment, although the above-described problem does not
occur, it is necessary that the atoms be regulated and aligned
by heating to a sufficiently high temperature of 500° C. or
higher during manufacturing or performing thermal process-
ing at a high temperature of 500° C. or above after manufac-
turing, and there is a possibility of undesirable diffusion of
increases in interface roughness in other part of a layered film,
such as a tunnel barrier.

In contrast, it is difficult for any of the above problems to
occur in those in which a Co-based or Fe-based material as the
storage layer 17 is stacked on a material in which interface
magnetization anisotropy is used, that is, MgO that is the
tunnel barrier layer 16, and therefore the structure looks
promising as a storage layer material.

The storage element 3 of the embodiment obtains a per-
pendicular magnetization film by using interface anisotropy
that operates between a Co-based or Fe-based material and an
oxide layer.

In order for strong perpendicular magnetic anisotropy to be
obtained, not only the interface magnetization anisotropy that
operates between the tunnel barrier layer 16 and the storage
layer 17, but also another oxide layer (for example, the spin
barrier layer 18 made from MgO) is formed on the opposite
side of the storage layer 17 to the tunnel barrier layer 16 side.

That is, the storage layer 17 made from a Co-based or
Fe-based material is configured to contact the oxide film both
sides thereof.

For example, FeCoB is used in the storage layer 17. When
the FeCoB of the storage layer 17 contacts the MgO film and
the film thickness of the FeCoB film is within a given fixed
range, the FecoB film becomes a perpendicular magnetiza-
tion film.

The origin of the perpendicular magnetic anisotropy is the
interface magnetization anisotropy energy that is generated in
the interface of the FeCoB film and the MgO film. If set such
that the CoFeB film of the storage layer 17 contacts the MgO
film on both the upper and lower surfaces, and interface
magnetization anisotropy energy is obtained in both the upper
and lower surface, it is possible for the perpendicular mag-
netic anisotropy of the storage layer 17 to be doubled.

On the other hand, using the perpendicular magnetization
magnetic material having interface magnetization anisotropy
in the magnetization fixing layer 15 shows promise. In par-
ticular, in order to provide a large reading signal, magnetic
materials that include Co or Fe being stacked below the tunnel
barrier layer 16 (for example, MgO layer) shows promise.
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Although the structure of the magnetization fixing layer 15,
even in a single layer, may use a stacked ferri-pinned structure
formed from two or more ferromagnetic layers and non-
magnetic layers, ordinarily a stacked ferri-pinned structure
formed from two layers of a ferromagnetic layer and a non-
magnetic layer (Ru) is often used.

Examples of merits of making the magnetization fixing
layer 15 a stacked ferri-pinned structure are being able to
easily cancel asymmetry of the thermal stability with respect
to the information writing direction, and being able to
improve the stability with respect to the spin torque.

In the embodiment, in consideration of the saturation cur-
rent value of the selection transistor, a magnetic tunnel junc-
tion (MTJ) element is configured using the tunnel barrier
layer 16 of a non-magnetic insulator between the storage
layer 17 and the magnetization fixing layer 15.

By configuring the magnetic tunnel junction (MTIJ) ele-
ment using the tunnel insulating layer, it is possible to
increase the magneto-resistance change rate (MR ratio) com-
pared to a case of configuring a giant magneto-resistance
effect (GMR) element using a non-magnetic conductive
layer, and therefore possible to increase the readout signal
intensity.

In particular, it is possible to increase the magneto-resis-
tance change rate (MR ratio) by using magnesium oxide
(MgO) as the material of the tunnel insulating layer 16.

The efficiency of the spin transfer is generally dependent
on the MR ratio, and the efficiency of the spin transfer
increases as the MR ratio increases, thereby it is possible to
decrease the magnetization reversal current density.

Accordingly, by using magnesium oxide as the material of
the tunnel insulating layer, and using the storage layer 17 of
FeCoB or the like at the same time, it is possible to reduce the
write threshold current due to spin-torque magnetization
reversal, and possible to perform writing (recording) of infor-
mation with a low current. It is possible to increase intensity
of the read out signal.

In so doing, the MR ratio (TMR ratio) is ensured, and it is
possible to reduce the write threshold current due to spin-
torque magnetization reversal, and possible to perform writ-
ing (recording) of information with a low current. It is pos-
sible to increase intensity of the read out signal.

In a case of forming the tunnel insulating layer in this way
using a magnesium oxide (MgO) film, it is more desirable that
the MgO film be crystallized, and the crystal orientation be
maintained in the 001 direction.

In the embodiment, the storage layer 17 may be formed
with a single material, such as FeCoB, FeNiB, FeCoC,
FeCoSiB, FeAlSi, CoMnSi and MnAl, or they may be com-
bined to form the storage layer 17. Furthermore, non-mag-
netic materials, such as Ta, V, Nb, Cr, W, Mo, Ti, Zr, and Hf,
may be combined therewith to form the storage layer 17.

Using a magnetic body, such as CoFe, in which the mag-
netization facing in one direction due to magnetic exchange
coupling between an antiferromagnetic body, such as PtMn,
RhMn, and IrMn, and a ferromagnetic body, or a magnetic
body with a high coercive force, such as CoPt, FePt, ThFeCo,
SmCo, and MnAl, as the magnetization fixing layer 15, such
that it becomes difficult for the magnetization to move, is
suitable. These may be used by being magnetically coupled
with CoFe, FeCoB, CoMnSi and CrMnSi or the like with a
strong magneto-resistance effect to be antiparallel due to
magnetic coupling that operates via a non-magnetic body,
such as Ru, Re and Rh.

The tunnel barrier layer 16 and the spin barrier layer 18
may use MgO, Al,Oj;, SiO, or the like.
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It is desirable that the area resistance value of the tunnel
barrier layer 16 be controlled to be approximately several tens
of Qum? or less, from the viewpoint of obtaining the neces-
sary current density in order that the direction of magnetiza-
tion of the storage layer 17 be reversed by spin-torque mag-
netization reversal. In the tunnel barrier layer 16 formed from,
for example, an MgO film, it is desirable that the film thick-
ness of the MgO film be set to 1.5 nm or less in order to set the
area resistance value to the above-described range.

The electrode layer 19 may use Ta, Ru, W, TiN, Cu or the
like.

The underlayer 148 may use various metals, such as Ta, Ti,
W, and Ru, and conductive nitrides, such as TiN. The under-
layer 14 may be a single layer, or a plurality of layers of
different materials may be stacked.

It is preferable that the shape of the element be elliptical in
the case of in-plane magnetization, a circular shape is prefer-
able in a case of perpendicular magnetization such as the
present example.

It is desirable that storage element be reduced such that the
direction of magnetization of the storage layer 17 is easily
reversed with a low current. Accordingly, it is preferable that
the area of the storage element be 0.01 pm? or less.

Ion milling may be used as the etching method for forming
the element, or the element may be formed by reactive ion
etching, or these may be combined. The periphery of the
storage element 3 is embedded with an insulator such as
Al,0;, 8i0,, and AIN after formation of the storage element
3 as described above, thereby forming an upper wiring, and
writing and reading out is performed by a current flowing in
the vertical direction of the element.

2. Storage Element of Embodiment
First to Twelfth Embodiments

Next, a specific configuration of the storage element 3 of
the embodiment will be described as first to twelfth embodi-
ments.

The storage element 3 of the first to twelfth embodiments
basically includes an underlayer 14, a magnetization fixing
layer 15, a tunnel barrier layer 16, a storage layer 17, a spin
barrier layer 18, and an electrode layer 19, similarly to the
layer structure shown in FIG. 3B. In particular, by arranging
the tunnel barrier layer 16 and the spin barrier layer 18 as
oxide layers on both sides of the storage layer 17, the con-
figuration obtains strong interface magnetization anisotropy.

The spin barrier layer 18 has an effect in which the storage
characteristics of information are improved by improving the
coercive force of the storage layer 17, and an effect in which
the efficiency of the spin torque is improved. Therefore, the
spin barrier layer 18 is effective in order to prepare a magnetic
memory with low power consumption at a high density.

Incidentally, in a case in which a current flows to the
storage element 3 formed as above, the two layers of the
tunnel barrier layer 16 and the spin barrier layer 18 contribute
to the electrical resistance, thereby increasing the resistance.
Since the spin barrier layer 18 does not have magnetic resis-
tance, a decrease in the magnetic resistance occurs.

That is, the resistance of the storage element 3 rises and
recording is difficult in the range ofthe operating voltage, and
further, the magnetic resistance rate of the storage element 3
decreases, thereby causing hindrance when reading out infor-
mation.

Here, the storage element 3 of the first to twelfth embodi-
ments is able to suppress a rise in the element resistance due
to the spin barrier layer 18 while obtaining an interface mag-
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netization anisotropy effect due to the spin barrier layer 18,
based on the concept of the basic layer structure in FIG. 3B.
More specifically, the electrical resistance of a portion of the
spin barrier layer 18 is lowered, the electrical resistance is
lowered while maintaining the some extent of the spin barrier
effect, and the magnetic resistance rate is increased.

In order for the electrical resistance of a portion of the spin
barrier layer 18 to be lowered, a method is employed in which
aportion of the spin barrier layer 18 is thinned, or a portion of
the spin barrier layer 18 is reduced.

Storage Element of First

Second and Third Embodiments

FIG. 3 A shows the layer structure of the storage element 3
of the first embodiment. As depicted in the drawing, the
underlayer 14, the magnetization fixing layer 15, the tunnel
barrier layer 16, the storage layer 17, the spin barrier layer 18
and the electrode layer 19 are included. The electrode layer
19, for example, is configured by a first electrode layer 19A
and the second electrode layer 19B made from different mate-
rials.

In this case, although the spin barrier layer 18 is formed
with a predetermined set film thickness value (for example, a
film thickness value of 0.6 nm or more and 0.7 nm or less), a
low resistance region 30 is formed in a portion (peripheral
region of the film surface) of the spin barrier layer 18.

In this case, the low resistance region 30 is a region in
which the film thickness value of a portion (center region) of
the spin barrier layer 18 is a lower value than the set film
thickness value, and, more specifically, is a region in which
the film thickness is thinned.

In the thin film region as the low resistance region 30, a
portion of the electrode layer 19 attains a state of entering into
the spin barrier layer 18 in the film thickness direction, as
shown in the drawing. More specifically, each layer is formed
so that a portion of the second electrode layer 19B enters in
the center portion of the film surface of the spin barrier layer
18 in the film thickness direction after passing through the
first electrode layer 19A in the film thickness direction, and
the center portion of the spin barrier layer 18 becomes the low
resistance region 30 of the thin film.

FIG. 4A shows the layer structure of the storage element 3
of the second embodiment.

In this case, although the spin barrier layer 18 is formed
with a predetermined set film thickness value (for example, a
film thickness value of 0.6 nm or more and 0.7 nm or less), a
low resistance region 30 is formed in a portion (center region
of the film surface) of the spin barrier layer 18. Similarly to
the first embodiment, the low resistance region 30 is a portion
of'the spin barrier layer 18 that is thin film region in which the
film thickness value is a lower value than the set film thick-
ness value.

In the thin film region as the low resistance region 30, a
portion of the electrode layer 19 is formed so as to enter into
the spin barrier layer 18 in the film thickness direction, as
shown in the drawing. More specifically, each layer is formed
so that a portion of the second electrode layer 19B (peripheral
region) enters in the peripheral region of the film surface of
the spin barrier layer 18 in the film thickness direction after
passing through the first electrode layer 19 A in the film thick-
ness direction. In so doing, the peripheral region of the spin
barrier layer 18 becomes the low resistance region 30.

FIG. 4B shows the layer structure of the storage element 3
of the third embodiment.
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In this case, although the spin barrier layer 18 is formed
with the predetermined set film thickness value, the low resis-
tance value region 30 in which a portion (for example, center
region and peripheral region of film surface) of the spin bar-
rier layer 18 is thinned more than the set film thickness value
is formed.

In the thin film region as the low resistance region 30, a
portion of the electrode layer 19 is formed so as to enter into
the spin barrier layer 18 in the film thickness direction, as
shown in the drawing. That is, each layer is formed so that a
portion of the second electrode layer 19B (center region and
peripheral region) enters in the center region and the periph-
eral region of the film surface of the spin barrier layer 18 in the
film thickness direction after passing through the first elec-
trode layer 19A in the film thickness direction. In so doing,
the peripheral region and the center region of the spin barrier
layer 18 becomes the low resistance region 30.

In the case of the above first, second and third embodi-
ments, it is possible to reduce the resistance value of to the
spin barrier layer 18 while obtaining an interface magnetiza-
tion anisotropy effect due to the spin barrier layer 18 by a
portion ofthe spin barrier layer 18 being set as the thinned low
resistance region 30.

The first, second and third embodiments above are
examples in which a portion of the spin barrier layer 18 is
thinned. It is assumed that the position and number of the low
resistance region 30 may be other than in the example.

Storage Element of Fourth and Fifth Embodiments

FIG. 5A shows the layer structure of the storage element 3
of the fourth embodiment.

In this case, although the spin barrier layer 18 is formed
with a predetermined set film thickness value (for example, a
film thickness value 0of 0.6 nm or more to 0.7 nm or less), alow
resistance region 31 is formed in a portion (center region of
the film surface) of the spin barrier layer 18.

In this case, the low resistance region 31 is a region in
which the film thickness value of a portion (center region) of
the spin barrier layer 18 is a lower value than the set film
thickness value, and, more specifically, is a region in which
the film thickness is zero.

As shown in the drawing, a portion of the electrode layer 19
contacts the storage layer 17 by passing through the spin
barrier layer 18 in the film thickness direction. More specifi-
cally, a portion of the second electrode layer 19B (center
region) contacts the storage layer 17 by passing through the
center region of the film surface of the spin barrier layer 18 in
the film thickness direction after passing through the first
electrode layer 19 A in the film thickness direction. That is, the
low resistance region 31 is formed by the center region of the
spin barrier layer 18 being removed.

FIG. 5B shows the layer structure of the storage element 3
of the fifth embodiment.

In this case, although the spin barrier layer 18 is formed
with a predetermined set film thickness value, the low resis-
tance region 31 is formed in a portion (peripheral region of the
film surface) in the spin barrier layer 18.

In this case, the low resistance region 31 is a region in
which the film thickness value ofa portion (peripheral region)
of the spin barrier layer 18 is a lower value (film thickness
value is zero) than the set film thickness value.

As shown in the drawing, a portion of the electrode layer 19
contacts the storage layer 17 by passing through the spin
barrier layer 18 in the film thickness direction. More specifi-
cally, a portion of the second electrode layer 19B (center
region) contacts the storage layer 17 by passing through the
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center region of the film surface of the spin barrier layer 18 in
the film thickness direction after passing through the first
electrode layer 19 A in the film thickness direction. That is, the
low resistance region 31 is formed by the center region of the
spin barrier layer 18 being removed.

In the case of the above fourth and fifth embodiments, by
setting the low resistance region 31 in which a portion of the
spin barrier layer 18 is removed, it is possible reduce the
resistance value of to the spin barrier layer 18 while obtaining
an interface magnetization anisotropy eftect due to the spin
barrier layer 18 in a part that is not removed.

Although the example as in the above fourth and fifth
embodiments sets the film thickness value of a portion of the
spin barrier layer 18 as zero, It is assumed that the position
and number of the low resistance region 31 may be other than
in the example.

Storage Element of Sixth, Seventh, Eighth and Ninth
Embodiments

FIG. 6 A shows the layer structure of the storage element 3
of' the sixth embodiment. Although the example in which the
low resistance region 30 of the thin film is formed in the
peripheral region of the spin barrier layer 18 similarly to the
second embodiment described above is given, one electrode
layer 19 with the same material is given in the example
without distinguishing between the electrode layers 19A and
19B.

FIG. 6B shows the layer structure of the storage element 3
of the seventh embodiment. Although the example in which
the low resistance region 30 of the thin film is formed in the
center region of the spin barrier layer 18 similarly to the first
embodiment described above is given, one electrode layer 19
with the same material is given in the example without dis-
tinguishing between the electrode layers 19A and 19B.

FIG. 6C shows the layer structure of the storage element 3
of'the eighth embodiment. Although the example in which the
low resistance region 31 with a film thickness zero is formed
in the center region of the spin barrier layer 18 similarly to the
fourth embodiment described above is given, one electrode
layer 19 with the same material is given in the example
without distinguishing between the electrode layers 19A and
19B.

FIG. 6D shows the layer structure of the storage element 3
of the ninth embodiment. Although the example in which the
low resistance region 31 with a film thickness zero is formed
in the peripheral region of the spin barrier layer 18 similarly
to the first embodiment described above is given, one elec-
trode layer 19 with the same material is given in the example
without distinguishing between the electrode layers 19A and
19B.

As in the sixth to ninth embodiments, it is not necessary to
provide the first electrode layer 19 A and the second electrode
layer 19B made from different materials in the electrode layer
19.

In other words, in the case of a configuration in which the
low resistance regions 30 and 31 in which a portion of the spin
barrier layer 18 has a film thickness value lower than the set
film thickness value are provided, the first electrode layer 19A
and the second electrode layer 19B may be formed with
different materials as in the first to fifth embodiments, or may
be formed as one electrode layer 19 with the same material as
in the sixth to ninth embodiments.

In the case of forming the first electrode layer 19A and the
second electrode layer 19B as in the first to fifth embodi-
ments, conductivity is not necessary in the first electrode
layer 19A, and either a conductor or an insulator may be used.
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Storage Element of Tenth, Eleventh and Twelfth
Embodiments

The storage element of the tenth, eleventh, and twelfth
embodiments is an example in which the electrical resistance
of'a portion of the spin barrier layer 18 is lowered by a portion
of'the spin barrier layer 18 that is an oxide layer, such as MgO,
being reduced. Here, a portion of the spin barrier layer 18
being reduced may be considered thinning of the effective
film thickness at a portion of the spin barrier layer 18.

FIG. 7A shows the layer structure of the storage element 3
of the tenth embodiment.

The spin barrier layer 18 is formed with a predetermined
set film thickness value (for example, a film thickness value of
0.6 nm or more to 0.7 nm or less). The low resistance region
32 is formed at a portion (center portion of the film surface) in
the spin barrier layer 18.

The low resistance region 32 is a region in which the
resistance value is lowered by an oxide in a portion (center
region) of the spin barrier layer 18 being reduced.

As shown in the drawing, a portion (center region) of the
second electrode layer 19B contacts the spin barrier layer 18
by passing through the first electrode layer 19A in the film
thickness direction.

In this case, a material with a low reactivity to oxide is used
in the first electrode layer 19A, and a material with a high
reactivity to oxide is used in the second electrode layer 19B.
By using such materials, it is possible to obtain a low resis-
tance region 32 by a portion of the spin barrier layer 18 being
transformed (reduced) through reaction of the material of the
second electrode layer 19B after thermal treatment and the
oxide of the spin barrier layer 18.

An oxide material, such as MgO, Al,0,, and SiO, is used
in the spin barrier layer 18 as described above. The difference
in reactivities to such an oxide material is primarily due to the
difference in the ionization tendency of the material. A mate-
rial with a low ionization tendency, such as Ru, Cu, W, Pt, Pd,
Cr, TiN, TaN, TiC and ITO, or a stable oxide or nitride, such
as Si;N,, TiO,, MgO, and Al,O; is used in the first electrode
layer 19A. Meanwhile, a material with a strong ionization
tendency, such as Ta, Nb, Zr, Hf, and Y, may be used in the
second electrode layer 19B. In so doing, it is possible for the
oxide in the center portion that contacts the second electrode
layer 19B to be reduced in the spin barrier layer 18 as shown
in FIG. 7A, thereby forming the low resistance region 32.

FIG. 7B shows the layer structure of the storage element 3
of the eleventh embodiment.

In this case, although the spin barrier layer 18 is formed
with a predetermined set film thickness value, the low resis-
tance region 32 in which the resistance value is lowered by the
oxidein a portion (peripheral region of the film surface) of the
spin barrier layer 18 being reduced is formed.

As shown in the drawing, a portion (peripheral region) of
the second electrode layer 19B contacts the peripheral region
of the film surface of the spin barrier layer 18 after passing
through the first electrode layer 19A in the film thickness
direction. The low resistance region 32 is formed by the first
and second electrode layers 19A and 19B being the above-
described materials.

FIG. 7C shows the layer structure of the storage element 3
of the twelfth embodiment.

In this case, although the spin barrier layer 18 is formed
with a predetermined set film thickness value, the low resis-
tance region 32 in which the resistance value is reduced by the
oxide in a portion (center region and peripheral region of the
film surface) of the spin barrier layer 18 being reduced is
formed.
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As shown in the drawing, a portion (central region and
peripheral region) of the second electrode layer 19B contacts
the central region and the peripheral region of the film surface
of the spin barrier layer 18 after passing through the first
electrode layer 19A in the film thickness direction. The low
resistance region 32 is formed by the first and second elec-
trode layers 19A and 19B being the above-described materi-
als.

In the case of the above tenth, eleventh and twelfth embodi-
ments, it is possible to reduce the resistance value of the spin
barrier layer 18 while obtaining an interface magnetization
anisotropy effect due to the spin barrier layer 18 by a portion
of the oxide of the spin barrier layer 18 being reduced being
set as the thinned low resistance region 32.

Although the above tenth, eleventh and twelfth embodi-
ments show a layer structure in which a portion of the second
electrode layer 19B contacts a portion of the spin barrier layer
18, if a region is formed in which the second electrode layer
19B approaches the spin barrier layer 18 by the first electrode
layer 19A being thinned, it is possible to similarly form the
low resistance region 32 through the diffusion of atoms in this
parteven ifthe second electrode layer 19B and the spin barrier
layer 18 are not in direct contact. That is, a low resistance
region 32 may be formed by oxide in a partial region in the
spin barrier layer 18 being reduced by a portion of the second
electrode layer 19B entering (without passing through) the
first electrode layer 19A in the film thickness direction and
approaching the spin barrier layer 18.

Since the current flowing in the storage element 3 passes
through a portion (low resistance region 32) of the spin barrier
layer 18 from the second electrode layer 19B and flows to the
storage layer 17, conductivity is not necessary in the first
electrode layer 19A, and either a conductor or an insulator
may be used.

Although to this point examples of forming the low resis-
tance regions 30 and 31 by thinning or removing a portion of
the spin barrier layer 18 were described as the first to ninth
embodiments, and examples of forming the low resistance
region 32 by reducing a portion of the spin barrier layer 18
were described as the tenth to twelfth embodiments, these
may be combined and applied.

For example, in the case of forming the low resistance
regions 30 and 31 by thinning or removing a portion of the
spin barrier layer 18 as in FIGS. 3A, 4A, 4B, 5A, and 5B, ifa
material with low reactivity to oxide is used in the first elec-
trode layer 19A, and a material with high reactivity to oxide is
used in the second electrode layer 19B, it is possible to form
the low resistance region by obtaining the combined action of
a lowered resistance due to thinning or removal and action of
lowered resistance due to reduction.

3. Manufacturing Method of Embodiment
Thirteen to Seventeenth Embodiments

Next, the method of manufacturing a storage element 3
with a layered structure as above will be described as the
thirteenth to eighteenth embodiments.

Although FIGS. 8A to 14C are used in the description, the
depiction of the underlayer 14 is not made in the drawings.

Method of Manufacturing of Thirteenth Embodiment

FIGS. 8A to 8F show the procedure of the method of
manufacturing of the thirteenth embodiments.

FIG. 8A shows a state in which the shape of the storage
element 3 is formed after the underlayer 14 (not shown),
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magnetization fixing layer 15, tunnel barrier layer 16, storage
layer 17, and spin barrier layer 18 are stacked in order, and the
first electrode layer 19A is further layered (film formation).
FIGS. 8A to 14C show cross-sectionals of the storage element
3, and the storage element 3 has, for example, a circular
cylindrical shape. Such storage elements 3 are arrayed in
large numbers as a storage device. In the drawing, the storage
element 3 in the course of manufacturing is given the refer-
ence “3P”.

After the film is formed up to the state in FIG. 8 A, as shown
in FIG. 8B, an insulating material 20 for burying is filled in the
space between storage elements 3P. The insulating material is
formed so that the storage element 3P is sufficiently buried by
a film forming method such as a sputtering method.

Next, as shown in FIG. 8C, step differences are removed by
polishing such that the first electrode layer 19A is exposed.

Next, as shown in FIG. 8D, the device is irradiated with an
ion beam for etching from an oblique direction. It is desirable
that the etching method use a method that easily etches the
first electrode layer 19A and does not easily etch the insulat-
ing material 20. Therefore, although reactive ion etching with
material selectivity may be used, if the first electrode layer
19A is a material with a high etching rate, such as Cu and Al,
a physical etching method, such as ion milling, may be used.

Etching of the first electrode layer 19A is performed while
rotating the substrate. In this way, the peripheral region of the
first electrode layer 19 A is not easily etched with the shielding
effect of the insulating material 20 with a low etching rate,
and the center region becomes easily etched. Therefore, as
shown in the drawings, the center region is worked to a
hollowed shape.

The etching may be performed until the center region of the
first electrode layer 19A is removed, or until a portion of the
spin barrier layer 18 is hollowed, or the first electrode layer
19A remains as a thin film. Etching may performed until a
portion of the spin barrier layer 18 is removed.

For example, in the case of forming the storage element 3
of'the above-described first embodiment (FIG. 3A), the center
portion of the spin barrier layer 18 is etched until hollow.

In the case of forming the storage element 3 of the above-
described fourth embodiment (FIG. 5A), the center region of
the spin barrier layer 18 is etched until removed.

In the case of forming the storage element 3 of the above-
described tenth embodiment (FIG. 7A), the center portion of
the first electrode layer 19A is etched until removed, or to the
extent that a thin film remains.

Next, as shown in FIG. 8E, the material of the second
electrode layer 19B is stacked so as to bury the first electrode
layer 19A which is hollowed by etching.

The surface is polished and made flat as shown in FIG. 8F.
In so doing, the storage element 3 (for example, the layer
structure in FIG. 3A) with the layer structure up to the second
electrode layer 19B is formed.

Thereafter, the storage device is prepared by additional
work or forming wirings, as necessary. Through the above,
the storage element 3 as in FIGS. 3A, 5A and 7A may be
manufactured.

In the above steps, the angle of incidence of the ion beam
when the first electrode layer 19A is worked is dependent on
the diameter of the storage element 3 (3P) and the thickness of
the first electrode layer 19A. Manufacturing becomes easier
as the thickness of the first electrode layer 19A increases, the
diameter of the storage element 3 decreases and the angle of
incidence of the ion beam approaches perpendicular to the
film surface.
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However, the working time increases due to etching when
the thickness of the first electrode layer 19A thickens, and
controlling the etching state of the center region of the ele-
ment becomes difficult.

As a method of solving this, after forming an electrode
protecting layer on the first electrode layer 19A, thereby
achieving the state in FIG. 8C, a method in which the elec-
trode protecting layer is removed through selective etching,
and working is performed exposing the first electrode layer
thereunder is effective.

A metal film, such as Ti, Ta and W, may be used as the
electrode protecting layer, and TiN, Si;N,, C or the like may
also be used, and the hard mask for element etching may be
used as an electrode protecting film.

Below, a method using a hard mask will be described as the
fourteenth embodiment.

Method of Manufacturing of Fourteenth
Embodiment

The method of manufacturing of the fourteenth embodi-
ment in which the center region of the first electrode layer
19A is thinned using the hard mask 21 will be described using
FIGS. 9A to 10C.

FIG. 9A shows a state in which the hard mask 21 is formed
after the underlayer 14 (not shown), magnetization fixing
layer 15, tunnel barrier layer 16, storage layer 17, and spin
barrier layer 18 are stacked in order, and the first electrode
layer 19A is further layered (film formation).

Thereafter, as shown in FIG. 9B, a photomask 22 for form-
ing the shape of the storage element 3 is prepared using photo
processing.

Next, the hard mask 21 is selectively etched as in FIG. 9C,
thereby forming a hard mask pattern. In so doing, a circular
region of the hard mask 21 that is the storage element 3
remains.

Then, the photomask 22 is removed, and the shape of the
storage as in FIG. 9D is formed according to the hard mask
pattern.

Next, the part etched according to the hard mask pattern is
filled with the insulating material 20, and planarized as in
FIG. 9E.

Then, the hard mask 21 is removed by selective etching as
in FIG. 9F.

In the state in FIG. 9F, it is possible to form the first
electrode layer 19A at a deeper position compared to a
method in which the hard mask described in FIGS. 8A to 8F
is not used. Accordingly, it is possible for the angle of the ion
beam that performs the etching to approach perpendicular.

Etching is performed using ion beam irradiation from
obliquely above as in FIGS. 10A to 10C, and the first elec-
trode layer 19 is worked into a shape in which the center
region is hollowed. Etching may be performed until the center
region of the first electrode layer 19A is removed or until a
portion of the spin barrier layer 18 is hollowed, or until a
portion is removed, or may be performed to an extent at which
the first electrode layer 19A remains as a thin film.

Thereafter, as shown in FIG. 10B, the material of the sec-
ond electrode layer 19B is stacked so as to bury the first
electrode layer 19A which is hollowed by etching.

The surfaceis polished and made flat as shown in FIG. 10C.
In so doing, the storage element 3 (for example, the layer
structure in FIG. 3A or the like) with the layer structure up to
the second electrode layer 19B is formed.

Thereafter, the storage device is prepared by additional
work or forming wirings, as necessary.
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Through the above, the storage element 3 as in FIGS. 3A,
5A and 7A may be manufactured.

In the method of manufacturing of the thirteenth and four-
teenth embodiments, if the materials of the first electrode
layer 19A and the second electrode layer 19B are the same, it
is possible to manufacture the storage element 3 as in FIGS.
6A and 6C.

Method of Manufacturing of Fifteenth Embodiment

The method of manufacturing the storage element 3 as in
FIGS. 4A, 5B and 7B will be described as the fifteenth
embodiment.

Since the steps shown in FIGS. 9A to 9F as the fourteenth
embodiment are the same, description will not be made.

After entering the state in FI1G. 9F, etching is performed by
ion beam irradiation as in FIG. 11A.

In this case, the angle of incidence of the ion beam is set to
an angle closer to parallel to the substrate surface than the
case of FIG. 10A. Thereby, since the center region of the first
electrode layer 19A is shadowed, etching is difficult, and the
peripheral region is more greatly etched. Thereby, the periph-
eral region of the first electrode is worked to be thin.

The etching may be performed until the peripheral region
of' the first electrode layer 19A is removed, or until a portion
of the spin barrier layer 18 is hollowed, or the first electrode
layer 19A remains as a thin film. Etching may performed until
aportion of the spin barrier layer 18 is removed. For example,
in the case of forming the storage element 3 of the above-
described second embodiment (FIG. 4A), the peripheral por-
tion of the spin barrier layer 18 is etched until hollow.

In the case of forming the storage element 3 of the above-
described fifth embodiment (FIG. 5B), the peripheral portion
of the spin barrier layer 18 is etched until removed.

In the case of forming the storage element 3 of the above-
described eleventh embodiment (FIG. 7B), the peripheral
portion of the first electrode layer 19A is etched until
removed, or to the extent that a thin film remains.

Thereafter, as shown in FIG. 11B, the material of the sec-
ond electrode layer 19B is stacked so as to bury the first
electrode layer 19A which is hollowed by etching.

The surface is polished and made flat as shown in FIG. 11C.
In so doing, the storage element 3 (for example, the layer
structure in FIG. 4A) with the layer structure up to the second
electrode layer 19B is formed.

Thereafter, the storage device is prepared by additional
work or forming wirings, as necessary.

Through the above, the storage element 3 as in FIGS. 4A,
5B and 7B may be manufactured. In the method of manufac-
turing of the fifteenth embodiment, if the materials of the first
electrode layer 19A and the second electrode layer 19B are
the same, it is possible to manufacture the storage element 3
as in FIGS. 6B and 6D.

Since the etching angle is changed in progress in the step in
FIG. 11A, etching both the peripheral region and the center
region to be hollowed is also possible. Accordingly, it is
possible to manufacture the storage element 3 as in FIGS. 4B
and 7C.

Method of Manufacturing of Sixteenth Embodiment

Next, the method of manufacturing of the sixteenth
embodiment in which the spin barrier layer 18 is formed by
etching after etching of the first electrode layer 19A will be
described with FIG. 12.

Since the steps shown in FIGS. 9A to 9F as the fourteenth
embodiment are the same, description will not be made.
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After entering the state in FIG. 9F, etching is performed by
ion beam irradiation from an oblique direction as in FIG. 12A.

At this time, if the etching method, type and conditions of
gas, and the like are selected so as to selectively etch the
material of the first electrode layer 19A, it is possible to
remove the end portion of the first electrode layer 19A with-
out excessively removing the spin barrier layer 18, and
thereby possible for the spin barrier layer 18 to be exposed.

Next, etching is performed by ion beam irradiation from
above as in FIG. 12B. In this case, the etching rate of the first
electrode layer 19A is low, and etching is performed under
conditions of a large etching rate of the spin barrier layer 18,
the first electrode layer 19A becomes a mask, and the end
portion of the spin barrier layer 18 is etched.

Next, the material of the second electrode layer 19B is
embedded as shown in FIG. 12C, and the second electrode
layer 19B is connected by the peripheral region to the storage
layer 17 either directly or via the thin spin barrier layer 18.
Thereafter surface is polished and made flat as in FIG. 12D.

Thereafter, the storage device is prepared by additional
work or forming wirings, as necessary.

Through the above, the storage element 3 as in FIGS. 4A,
5B and 7B may be manufactured. If the materials of the first
electrode layer 19A and the second electrode layer 19B are
the same, it is possible to manufacture the storage element 3
as in FIGS. 6B and 6D.

Although the sixteenth embodiment has been described
with an example of etching the peripheral region of the spin
barrier layer 18, if the etching angle in FIG. 12A is appropri-
ate, it is possible for etching of the center region of the spin
barrier layer 18 to be performed.

Method of Manufacturing of Seventeenth
Embodiment

The above is a method of manufacturing in which etching
from an oblique direction is necessary; however, next, a
method of manufacturing of the seventeenth embodiment in
which etching from an oblique direction is not necessary with
be described with FIGS. 13A to 14C.

Since the steps shown in FIGS. 9A to 9F as the fourteenth
embodiment are the same, description will not be made. How-
ever, the depth of the hollow in FIG. 9F after the hard mask is
removed may be shallower than in the case of the fourteenth
embodiment.

After entering the state in FIG. 9F, a first auxiliary mask
layer 23 and a second auxiliary mask layer 24 are formed as
in FIG. 13A. It is preferable that the two auxiliary mask layers
23 and 24 be very different with etching rates, and it is
preferable that the etching rate of the first auxiliary mask layer
23 be higher than the etching rate of the second auxiliary
mask layer 24. The materials of the first and second auxiliary
mask layers 23 and 24 may be ametal, a ceramic or an organic
substance.

Next, the surface is polished as in FIG. 13B. Polishing may
be performed until the insulating material 20 is exposed;
however, at minimum, a portion of the first auxiliary mask
layer 23 may be exposed.

The second auxiliary mask layer 24 maybe the same height
as the insulating material 20 in a state in which the polishing
is finished, or the second auxiliary mask layer 24 may be
hollowed.

Next, etching is performed on the first auxiliary mask layer
23 as in FIGS. 13A to 13D.

Here, etching may be performed under conditions in which
the etching rate of the first auxiliary mask layer 23 is greater
than the etching rate of the second auxiliary mask layer 24.
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The etching method may be ion milling, may be reactive ion
etching, or may be a chemical method. In addition, these may
be combined. It is preferable etching that the angle of ion
beam irradiation for etching be close to perpendicular to the
film surface such that the etching particles sufficiently enter
the fine grooves.

Ton beam irradiation is continued as in FIG. 13D, and the
etching of the first electrode layer 19A is continuously per-
formed. If it is possible for the first electrode layer 19A and
the first auxiliary mask layer 23 to be the same material or be
etched under the same etching conditions, the step in FIG.
13C and the step in FIG. 13D may be performed at the same
time.

Next, etching of the spin barrier layer 18 is performed as in
FIG. 14A.

The etching conditions may be the same for the first aux-
iliary mask layer 23 and the first electrode layer 19A, or the
conditions may be that the etching rate of the spin barrier
layer 18 is higher. When the spin barrier layer 18 is etched, the
first auxiliary mask layer 23, the second auxiliary mask layer
24 and the first electrode layer 19A may be etched. In other
words, a thickness at which the spin barrier layer 18 outside
the peripheral area sufficiently functions may remain.

In FIG. 14A, although a state in which only the second
auxiliary mask layer 24 only is removed along with the
peripheral region of the spin barrier layer 18 is shown, the first
auxiliary mask layer 23 or even the first electrode layer 19A
may be further removed. Alternatively, the first and second
auxiliary mask layers 23 and 24 may also remain.

The peripheral region of the spin barrier layer 18 may be
etched until removed (in the case of forming the storage
element 3 in FIG. 5B), or may remain in a thin film state (in
the case of forming the storage element 3 in F1G. 4A). Etching
of'the spin barrier layer 18 may be not performed according to
the material of the second electrode layer 19B (in the case of
forming the low resistance region 32 by reduction as in FIG.
7B).

Next, the second electrode layer 19B is formed as in FIG.
14B. Although the second electrode layer 19B may be formed
with a sputtering method or the like, a chemical vapor depo-
sition method or the like is suitable in order to perform suf-
ficient filling in the fine grooves. Thereafter surface is pol-
ished and made flat as in FIG. 14C. Thereafter, the storage
device is prepared by additional work or forming wirings, as
necessary.

Through the above, the storage element 3 as in FIGS. 4A,
5B and 7B may be manufactured without performing etching
from an oblique angle.

4. Testing

Below, testing results for the storage element 3 of the
embodiment will be described.

In testing, sample 1 as a comparative example, sample 2
corresponding to the tenth embodiment, and sample 3 corre-
sponding to the eleventh embodiment were used. The layer
structures of samples 1, 2 and 3 are shown in FIGS. 15A, 15B
and 15C.

The layer structures common to samples 1, 2 and 3 are as
follows. The value in brackets () is the film thickness.

Underlayer 14: Ta (5 nm)

Magnetization fixing layer 15: a stacked ferri-pinned struc-
ture of Ru (3 nm)/CoPt (2 nm)/Ru (0.7 nm)/FeCoB (1 nm)

Tunnel barrier layer 16: MgO (0.7 nm)

Storage layer 17: 3 layer structure of FeCoB (1.2 nm)/Ta
(0.2 nm)/FeCoB (1.2 nm)

Spin barrier layer 18: MgO (0.6 nm)

First electrode layer 19A: Ru (3 nm)

The element shape of each sample was formed in a disk
shape with a diameter of 50 nm.
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In the method of forming the element, a film was used in
which a 10 nm TiN film is formed as the hard mask in the
above layer structure. Sample 1 in which an upper wiring was
formed as is after an element is formed of TiN by ion milling
as the hard mask, and SiO, is embedded and planarized as an
insulating material 20 was used as a comparative example.
The second electrode layer 19B was made from TiN.

In the samples 2 and 3 corresponding to the embodiments,
the TiN was removed by reactive ion etching (RIE) after
embedding and planarizing with the insulating material 20,
and the Ru of the element surface (first electrode layer 19A)
was exposed.

Etching was further performed until a portion of the Ru of
the first electrode layer 19 A was removed by ion milling from
angles of30 degrees and 10 degrees from the film surface. The
30 degree etching angle is the condition in which the center
region of the first electrode layer 19A is thinned, and 10
degrees is the condition in which the peripheral region of the
first electrode layer 19A is thinned. Sample 2 was formed at
30 degrees, and sample 3 was formed at 10 degrees.

A hollow formed by etching is buried by Ta and planarized,
thereby forming an upper wiring. The second electrode layer
19B is formed from Ta.

FIG. 16C shows the resistance values, coercive force,
reversal voltage and magnetic resistance ratio (MR ratio) for
the storage elements of samples 1, 2 and 3.

In the case of samples 2 and 3 that correspond to the
embodiments, since the increase in resistance due to the spin
barrier layer 18 is small, the resistance value is low compared
to the comparative example (sample 1).

Since there is no remarkable difference in coercive force in
the samples 1, 2 and 3, the coercive force enhancing effect is
maintained in the embodiments due to the spin barrier layer
18.

The element resistance in any of the storage elements of
samples 2 and 3 is lowered compared to the comparative
example (sample 1), and the reversal current becomes low.

The MR ratio for samples 2 and 3 also increase with respect
to sample 1.

FIGS. 16A and 16B show changes in the coercive force He
and the surface resistance RA with respect to the spin barrier
layer thickness for sample 1 (comparative example) and
sample 3 (embodiment).

As in FIG. 16A, in a case in which the thickness of the spin
barrier layer is thin in the comparative example, the coercive
force Hc is low, and in a case where thick, the surface resis-
tance RA is high. That is, it is difficult to find optimal condi-
tions of an optimal spin barrier layer thickness in which the
coercive force He is high and the surface resistance RA is low.

On the other hand, in the sample 3 of the embodiment, the
surface resistance RA is not very dependent on the spin bar-
rier layer thickness, as shown in FIG. 16B. Therefore, the spin
barrier layer thickness with a sufficiently large coercive force
Hc is easily set. More specifically, the range 0of 0.6 nm to 0.7
nm is suitable for the spin barrier layer thickness.

Next, assuming the tenth, eleventh and twelfth embodi-
ments, that is, assuming a configuration in which the electri-
cal resistance of a portion of the spin barrier layer 18 is
lowered by a portion of the spin barrier layer 18 being
reduced, the influence on the element resistance of the spin
barrier layer in a case various elements or compound materi-
als are arranged on the spin barrier layer was examined.

As shown in FIG. 17, a plurality of types of sample 4 with
layer structure of Cu (10 nm)/Ta (5 nm)/FeCoB (1.2 nm)/
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MgO (0.7 nm)/x(5 nm)/Ru (3 nm) was used. The plurality of
types of sample 4 included various elements or compound
materials depicted in the drawing as the X layer. The MgO
layer corresponds to the spin barrier layer 18.

FIG. 18 shows the resistance of the tunnel barrier (RA)
obtained by a 12 terminal CIPT method and the perpendicular
coercive force (Hc) obtained by magnetization measurement
for each of the plurality of types of sample 4.

The material in which the surface resistance RA is high and
the perpendicular coercive force is also high has little reaction
with the MgO layer (tunnel barrier layer), and has little dete-
rioration of the tunnel barrier layer. Therefore, the material is
suitable to the first electrode layer 19A of the embodiment.

Meanwhile, since a material in which the surface resistance
RA is low, and the perpendicular coercive force is low, or is
in-plane magnetized reacts with the MgO layer, and the effec-
tive film thickness of the MgO is thinned, the material is
suitable to the second electrode layer 19B.

From FIG. 18, materials suitable to the first electrode layer
19A are Ru, Cu, W, Pt, Pd, Cr, TiN, TaN, TiC, and ITO, and
materials suitable to the second electrode layer 19B are Ti, Ta,
Nb, Zr, Hf, and Y.

Although insulators, since stable oxides or nitrides, such as
Si;N,, TiO,, MgO, and Al,O, do not deteriorate a MgO
tunnel barrier layer, it is possible to use stable oxides or
nitrides as the first electrode layer 19A.

5. Summary

Although the embodiments have been described above, the
following effects may be obtained according to the storage
element, storage device, and method of manufacturing the
storage element of the embodiments.

The storage element 3 of the first to twelfth embodiments
includes the storage layer 17 including magnetization perpen-
dicular to the film surface, in which the direction of the
magnetization is changed corresponding to the information,
and the magnetization fixing layer 15 having magnetization
perpendicular to the film surface that becomes a reference for
information stored in the storage layer 17. The storage ele-
ments also include a tunnel barrier layer 16 made from an
oxide provided between the storage layer 17 and the magne-
tization fixing layer 15, and a spin barrier layer 18 made from
an oxide provided contacting a surface of the opposite side of
the storage layer 17 to the surface contacting the tunnel bar-
rier layer 16. In other words, the structure is a layer structure
in which oxide layers (tunnel barrier layer 16 and spin barrier
layer 18) contact both surface sides of the storage layer 17.
Information is stored in the storage layer 17 by changing the
direction of magnetization of the storage layer 17 by a current
flowing in the stacking direction of such a layer structure. A
low resistance region (30, 31, 32) is formed in a portion of the
spin barrier layer 18 formed with a predetermined set film
thickness value.

In other words, a spin barrier layer 18 is formed with a
sufficient thickness of a given extent as the set film thickness
value, and the resistance value of the spin barrier layer 18 is
lowered by forming a low resistance region (30, 31 and 32) in
a portion thereof, while obtaining interface magnetization
anisotropy energy. Accordingly, it is possible to realize a
non-volatile memory with excellent coercive characteristics,
and able to operate at a low voltage and low current.

For the storage element 3 of the embodiment, because the
storage layer 17 is a perpendicular magnetization film, it is
possible for the amount of write current that is necessary for
the direction of the magnetization M17 of the storage layer 17
to be reversed to be decreased.
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Because it is possible to secure sufficient thermal stability
that is the information holding ability, it is possible to con-
figure a storage element 3 with excellent characteristic bal-
ance.

In so doing, it is possible to eliminate operating errors, and
obtain sufficient operating margin in the storage element 3,
and possible for the storage element 3 to be stably operated.

Accordingly, it is possible to realize a memory that oper-
ates stably and is highly reliable.

For the storage element 3 of the first to ninth embodiments,
alow resistance region 30 (or 31) is formed by setting the film
thickness value of a portion of the spin barrier layer 18 to a
value (including a film thickness zero) lower than the set film
thickness value. That is, by a portion of the spin barrier layer
18 having a film thickness thinner than the set film thickness
value or a film thickness zero (that is, removed), it is possible
to physically realize the low resistance regions 30 and 31.

The storage element of the first to third, sixth and seventh
embodiments is formed such that the film thickness value of
the entering part is a value smaller than the set film thickness
value by a portion of the electrode layer 19 being formed so as
to enter with respect to the spin barrier layer 18 in the film
thickness direction. In so doing, it is possible to form a portion
of the spin barrier layer as thin film low resistance region as
seen from the electrode layer 19.

The storage element 3 of the first to third embodiments is
formed such that a portion of the second electrode layer 19B
enters with respect to the spin barrier layer 18 in the film
thickness direction after passing through the first electrode
layer 19A in the film thickness direction. In this case, it is
possible to easily realize a layer structure in which the elec-
trode layer 19 enters the spin barrier layer 18 with a method in
which a portion of the first electrode layer 19A is removed by
etching, and the second electrode layer is further filled after a
portion of the spin barrier layer 18 is thinned.

By the storage elements 3 of the fourth, fifth, eighth, and
ninth embodiments being formed such that a portion of the
electrode layer 19 contacts the storage layer 17 by passing
through the spin barrier layer 18 in the film thickness direc-
tion, a low resistance region 31 is created in which the film
thickness value of the passing portion is lower than the set
film thickness value.

That is, by forming a portion of the electrode layer 19 to
contact the storage layer by passing through the spin barrier
layer 18, it is possible to remove a portion of the spin barrier
layer 18 and to make the resistance due to the spin barrier
layer 18 extremely small.

The storage element 3 of the fourth and fifth embodiments
is formed such that a portion of the second electrode layer
19B contacts the storage layer 17 by passing through the spin
barrier layer 18 in the film thickness direction after passing
through the first electrode layer 19A in the film thickness
direction. In this case, it is possible to easily realize a layer
structure in which the electrode layer 19 contact the storage
layer 17 by passing through the spin barrier layer 18 with a
method in which a portion of the first electrode layer 19A is
removed by etching, and the second electrode layer 19B is
further filled after a portion of the spin barrier layer 18 is
removed.

In the storage element 3 of the first to ninth embodiments,
a low resistance region 30 (or 31) is created by spin barrier
layer 18 being formed so that the film thickness value is a
value lower than the set film thickness value in one or both of
a center region and a peripheral region of the film surface.

The thinning of center region or the peripheral region of the
film surface is easily realized through etching or the like from,
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for example, an oblique direction, and is suitable to the manu-
facturing of the storage element 3 including the low resistance
regions 30 and 31.

For the storage element 3 of the tenth to twelfth embodi-
ment, the low resistance region 32 is formed by an oxide in a
partial region of the spin barrier layer 18 being reduced. It is
possible to generate a region with a low resistance value by a
portion of the oxide that configures the spin barrier layer 18
being reduced, and possible to form the low resistance region
32 with a method not using physical thinning.

For the storage element 3 of the tenth to twelfth embodi-
ments, the second electrode layer 19B is made from a material
with a higher reactivity to oxide than the first electrode layer
19A, and the low resistance region 32 is formed by the oxide
in a partial region in the spin barrier layer 18 being reduced by
a portion of the second electrode layer 19B contacting or
approaching the spin barrier layer 18 by passing through or
entering the first electrode layer 19A in the film thickness
direction.

If the second electrode layer 19B is made from a material
with a high reactivity to oxide, such as a material with a high
ionization tendency, and contacts of approaches a portion of
the spin barrier layer 18, it is possible to create a low resis-
tance region 32A in which the oxide of a partial region of the
spin barrier layer 18 is reduced, and the material is suitable to
the manufacture of a storage element 3 having a low resis-
tance region 32.

In the storage element 3 of the tenth to twelfth embodi-
ments, the first electrode layer 19A is formed using at least
one of Ru, Cu, W, Pt, Pd, Cr, TiN, TaN, TiC and ITO, and the
second electrode layer 19B is formed using at least one of Ti,
Ta, Nb, Zr, Hf and Y. According to these materials, the oxide
in a part in the spin barrier layer 18 that contacts the first
electrode layer 19A is not easily reduced, and it is possible to
form the low resistance region 32 by reducing the oxide in
parts that contact or approach the second electrode layer 19B.

For the storage element 3 of the first to twelfth embodi-
ments, the spin barrier layer 18 is formed using at least one of
MgO, Al,O,, and SiO,. In so doing, it is possible to obtain
favorable interface magnetization anisotropy between the
storage layer 17 and the spin barrier layer 18.

For the storage element 3 of the first to twelfth embodi-
ments, the set film thickness value of the spin barrier layer 18
is 0.6 nm or more and 0.7 nm or less. In so doing, it is possible
to realize a storage element 3 with low surface resistance and
a favorable coercive force.

Inthe storage element 3 of the first to twelfth embodiments,
the storage layer 17 is formed using at least one of FeCoB,
FeNiB, FeCoC, FeCoSiB, FeAlSi, CoMnSi and MnAl. These
materials are suitable to perpendicular magnetization of the
storage layer 17.

The storage device of the embodiment includes the above-
described storage element 3 that holds information according
to the magnetization state of a magnetic body, and two types
of wiring (1 and 6) that intersect one another. The storage
element 3 is arranged between the two types of wiring (1 and
6), and the storage device is configured so that a current flows
in the stacking direction to the storage element 3 through the
two types of wiring (1 and 6).

A non-volatile memory able to operate as alow voltage and
a low current is created in which the storage element 3 has
excellent coercive characteristics as described above.
Accordingly, the storage device of the embodiment is able to
reduce the write current and reduce the power consumed
when writing to the storage element 3 is performed. A
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memory cell is configured from the storage element 3, and it
is possible to reduce the power consumption of the memory
overall.

Itis possible to realize a highly reliable storage device with
excellent information holding characteristics that operates
stably with low power consumption.

The storage device with the configuration shown in FIG. 1
and including the storage element 3 described as the first to
twelfth embodiments has the advantage of being able to be
manufactured by applying a general semiconductor MOS
formation process. The storage device of the embodiment is
suitable to application as a general purpose memory.

The method of manufacturing of the thirteenth to seven-
teenth embodiments includes the following steps.

A first step of stacking the magnetization fixing layer 15,
the tunnel barrier layer 16, the storage layer 17, and the spin
barrier layer 18 in order (FIGS. 8A and 9A).

A second step of stacking the first electrode layer 19A on
the spin barrier layer 18 (FIGS. 8A and 9A)

A third step of filling an insulating material 20 in the
periphery of the above layer structured body, working the
upper surfaces of the first electrode layer 19A and the insu-
lating material 20 to a state of being substantially flat or the
upper surface of the insulating material 20 to a state of pro-
jecting further than the upper surface of the first electrode
layer 19A (FIGS. 8B and 8C, and FIGS. 9E and 9F).

A fourth step of removing or thinning a portion of the first
electrode layer 19A (FIGS. 8D, 10A, 11A, 12A, and 13D)

A fifth step of stacking the second electrode layer 19B on
the first electrode layer 19A in which a portion is removed or
thinned (FIGS. 8E and 8F, 10B and 10C, 11B and 11C, 12C
and 12D, and 14B and 14C)

In this case, it is possible to comparatively easily manufac-
ture the structure of the storage element 3 of the first to twelfth
embodiments by stacking the second electrode layer 19B in
the fifth step after a portion of the first electrode layer 19A is
worked in the fourth step.

In the fourth step, by thinning a portion of the spin barrier
layer 18 after removing a portion of the first electrode layer
19A, alow resistance region 30 (or 31) is formed by a portion
of'the spin barrier layer 18 being formed with a film thickness
value lower than the set film thickness value. In so doing, it is
possible to obtain a layer structure in which the electrode
layer 19 enters the spin barrier layer 18, and, for example, the
structure is suitable to the manufacture of the storage element
3 of the first to ninth embodiments.

A material with higher reactivity to oxide than the first
electrode layer 19A is used in the second electrode layer 19B,
a portion of the second electrode layer 19B that is stacked in
fifth step contacts or approaches the spin barrier layer 18 by
passing through or entering the first electrode layer 19A of
which a portion is removed or thinned in the fourth step in the
film thickness direction, and thereby it is possible to form the
low resistance region 32 by an oxide in a partial region in the
spin barrier layer 18 being reduced. In so doing, it is possible
to generate a region with a low resistance value as a portion of
the spin barrier layer 18, and the region is suitable to the
manufacturing of the storage element 3 of the tenth to twelfth
embodiments.

6. Modification Examples

Although the embodiments have been described above, the
technology of the present disclosure is not limited to the layer
structure of the storage element 3 described in the above
embodiments, and various layer structures may be employed.
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For example, a configuration with the electrode layer 19
made from three or more layers of different materials may be
used.

The storage layer 17 and the magnetization fixing layer 15,
may be a single layer made from a ferromagnetic body, such
as FeCoB, or may have the multilayer structure as in the
sample in FIG. 15.

The underlayer 14 may have a single material or a stacked
structure with a plurality of materials.

Although the structure of the storage element 3 of the
disclosure is a configuration of a magneto-resistance effect
element, such as a tunneling magneto-resistance (TMR) ele-
ment, the magneto-resistance effect element as the TMR ele-
ment is able to be applied not only to the above-described
storage device, but also to a magnetic head and a hard disk
drive mounted with the magnetic head, an integrated circuit
chip, and further various electronic devices and electrical
devices, such as a personal computer, a mobile terminal, a
mobile telephone, and a magnetic sensor device.

FIGS. 19A and 19B show an example in which the mag-
neto-resistance effect element 101 with the structure of the
storage element 3 is applied to a complex magnetic head 100.
FIG. 19A is a perspective view showing a composite mag-
netic head 100 in which a portion is notched such that the
internal structure thereof may be understood, and FIG. 19B is
a cross-sectional view of the composite magnetic head 100.

The composite magnetic head 100 is a magnetic head used
in a hard disk device or the like where the magneto-resistance
effect magnetic head to which the technology of the disclo-
sure is applied is formed on a substrate 122 and an inductive
magnetic head is stacked and formed on the magneto-resis-
tance effect magnetic head along. The magneto-resistance
effect magnetic head operates as a reproducing head, and the
inductive magnetic head operates as a recording head. In
other words, the composite magnetic head 100 is configured
as a composite of a reproducing head and a recording head.

The magneto-resistance effect magnetic head mounted to
the composite magnetic head 100 is a so-called shielded MR
head, and includes a first magnetic shield 125 formed via an
insulating layer 123 on a substrate 122, a magneto-resistance
effect element 101 formed via an insulating layer 123 on the
first magnetic shield 125, and a second magnetic shield 127
formed via an insulating layer 123 on the magneto-resistance
effect element 101. The insulating layer 123 is formed from
an insulating material such as Al,O; or SiO,.

The first magnetic shield 125 is for magnetically shielding
the lower layer side of the magneto-resistance effect element
101, and is formed from a soft magnetic material such as
Ni—Fe. A magneto-resistance effect element 101 is formed
on the first magnetic shield 125 via the insulating layer 123.

The magneto-resistance effect element 101 functions as a
magnetically sensitive element that detects magnetic signals
from a magnetic recording medium in the magneto-resistance
effect magnetic head. The magneto-resistance effect element
101 has the same film configuration as the above-described
storage element 3.

The magneto-resistance effect element 101 is formed in a
substantially rectangular shape, and is formed such that one
side surface thereof is exposed to the opposing surface of a
magnetic recording medium. Biasing layers 128 and 129 are
arranged on both ends of the magneto-resistance effect ele-
ment 101. Connection terminals 130 and 131 connected to the
biasing layers 128 and 129 are formed. A sense current is
supplied to the magneto-resistance effect element 101 via the
connection terminals 130 and 131.
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A second magnetic shield layer 127 is provided via the
insulating layer 123 on the upper portion of the biasing layers
128 and 129.

The inductive magnetic head stacked and formed on the
magneto-resistance effect magnetic head as above includes a
magnetic core configured by the second magnetic shield 127
and an upper layer core 132, and a thin film coil 133 formed
s0 as to be wrapped around the magnetic core.

The upper layer core 132 forms a closed magnetic circuit
with the second magnetic shield 122, is the magnetic core of
an inductive magnetic head, and is formed from a soft mag-
netic material, such as Ni—Fe. The second magnetic shield
127 and the upper layer core 132 have the front end portions
thereof exposed opposite surface of the magnetic recording
medium, and are formed such that the second magnetic shield
127 and the upper layer core 132 contact one another at the
rear end portions thereof. The front end portions of the second
magnetic shield 127 and the upper layer core 132 are formed
such that the second magnetic shield 127 and the upper layer
core 132 are separated by a predetermined gap g in the oppos-
ing surface of a magnetic recording medium.

In other words, in the composite magnetic head 100, the
second magnetic shield 127 not only magnetically shields the
upper layer side of the magneto-resistance effect element
126, but also functions as a magnetic core of the inductive
magnetic head, and the magnetic core of the inductive mag-
netic head is configured by the second magnetic shield 127
and the upper layer core 132. The gap g is a recording mag-
netic gap of the inductive magnetic head.

A thin film coil 133 embedded in the insulating layer 123 is
formed on the second magnetic shield 127. The thin film coil
133 is formed so as be wound around a magnetic core formed
from the second magnetic shield 127 and the upper layer core
132. Although not shown in the drawings, both end portions
of'the thin film coil 133 are formed so as to be exposed to the
outside, and the terminals formed at both ends of the thin film
coil 133 are terminals for external connection of the inductive
magnetic head. In other words, during recording of a mag-
netic signal to the magnetic recording medium, a recording
current is supplied to the thin film coil 133 from the terminals
for external connection.

Although the composite magnetic head 100 as above has
the magneto-resistance effect magnetic head mounted as the
reproducing head, the magneto-resistance effect magnetic
head includes the magneto-resistance effect element 101 to
which the technology of the disclosure is applied as the mag-
netically sensitive element that detects magnetic signals from
a magnetic recording medium. Since the magneto-resistance
effect element 101 to which the technology of the disclosure
is applied show the extremely superior characteristics as
described above, the magneto-resistance effect magnetic
head is able to respond to further increased high recording
density in magnetic recording.

Here, the present application may also adopt the following
configurations.

(1) A storage element including a layer structure, the layer
structure including a storage layer including magnetization
perpendicular to the film surface, in which the direction of
magnetization is changed corresponding to information; a
magnetization fixing layer including magnetization perpen-
dicular to the film surface that becomes a reference for infor-
mation stored on the storage layer; a tunnel barrier layer made
from an oxide provided between the storage layer and the
magnetization fixing layer; and a spin barrier layer made from
an oxide provided contacting the surface of the opposite side
of'the storage layer to the surface contacting the tunnel barrier
layer; in which a low resistance region is formed in a portion
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of'the spin barrier layer formed with a predetermined set film
thickness value and storage of information on the storage
layer is performed by changing the direction of magnetization
of the storage layer by current flowing in the stacking direc-
tion of the layer structure.

(2) The storage element according to (1) in which the spin
barrier layer is set as the low resistance region by being
formed so that a partial film thickness value is a lower value
than the set film thickness value.

(3) The storage element according to (2), in which an
electrode layer is provided on the surface side of the spin
barrier layer opposite to the surface that contacts the storage
layer, and in which a portion of the electrode layer is formed
s0 as to enter with respect to the spin barrier layer in the film
thickness direction, and formed so that the film thickness
value ofthe entering portion of the spin barrier layer is a lower
value than the set film thickness value.

(4) The storage element according to (3), in which the
electrode layer is formed by a plurality of layers including a
first electrode layer and a second electrode layer that are
stacked in order from the spin barrier layer side, and in which
aportion of the second electrode layer is formed so as to enter
with respect to the spin barrier layer in the film thickness
direction after passing through the first electrode layer in the
film thickness direction.

(5) The storage element according to (2) in which an elec-
trode layer is provided on the surface side of the spin barrier
layer opposite to the surface that contacts the storage layer,
and in which a portion of the electrode layer is formed so as to
contact the storage layer by passing through the spin barrier
layer in the film thickness direction, and formed so that the
film thickness value of the passage portion of the spin barrier
layer is a lower value than the set film thickness value.

(6) The storage element according to (5), in which the
electrode layer is formed by a plurality of layers including a
first electrode layer and a second electrode layer that are
stacked in order from the spin barrier layer side, and in which
a portion of the second electrode layer is formed so as to
contact the storage layer by passing through spin barrier layer
in the film thickness direction after passing through the first
electrode layer in the film thickness direction.

(7) The storage element according to (2) to (6), in which the
spin barrier layer is set as the low resistance region by being
formed so that the film thickness value is a value lower than
the set film thickness value in one or both of a center region
and a peripheral region of a film surface.

(8) The storage element according to (1), in which the low
resistance region is formed by an oxide being reduced in a
partial region of the spin barrier layer.

(9) The storage element according to (8), in which an
electrode layer configured to have a plurality of layers includ-
ing a first electrode layer and a second electrode layer in
which different materials are stacked in order from the spin
barrier layer side is provided on the surface side of the spin
barrier layer opposite to the surface that contacts the storage
layer, in which the second electrode layer is made from a
material with a higher reactivity to an oxide than the first
electrode layer, and in which the low resistance region is
formed by an oxide in a partial region in the spin barrier layer
being reduced by a portion of the second electrode layer
contacting or approaching the spin barrier layer by passing
through or entering the first electrode layer in the film thick-
ness direction.

(10) The storage element according to (9), in which the first
electrode layer is formed using at least one of Ru, Cu, W, Pt,
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Pd, Cr, TiN, TaN, TiC and ITO, and in which the second
electrode layer is formed using at least one of Ti, Ta, Nb, Zr,
Hfand Y.

(11) The storage element according to (1) to (10), in which
the spin barrier layer is formed using at least one of MgO,
Al,Oj, and Si0,.

(12) The storage element according to (1) to (11), in which
the set film thickness values is 0.6 nm or more and 0.7 nm or
less.

(13) The storage element according to (1) to (12), in which
the storage layer is formed using at least one of FeCoB,
FeNiB, FeCoC, FeCoSiB, FeAlSi, CoMnSi and MnAl.

(14) A storage device that includes a storage element that
holds information through the magnetization state of a mag-
netic material; and two types of wiring that intersect one
another, in which the storage element includes a layer struc-
ture including a storage layer including magnetization paral-
lel to a film surface, in which a direction of magnetization is
changed corresponding to the information, a magnetization
fixing layer including magnetization perpendicular to the film
surface that becomes a reference for information stored on the
storage layer, a tunnel barrier layer made from an oxide
provided between the storage layer and the magnetization
fixing layer, and a spin barrier layer made from an oxide
provided contacting the surface of the opposite side of the
storage layer to the surface contacting the tunnel barrier layer,
and in which a low resistance region is formed in a portion of
the spin barrier layer formed with a predetermined set film
thickness value, and storage of information on the storage
layer is performed by the direction of magnetization of the
storage layer being changed by a current flowing in the stack-
ing direction of the layer structure, in which the storage
element is arranged between the two types of wiring, and in
which a current flows in the stacking direction to the storage
element through the two types of wiring.

(15) A method of manufacturing a storage element includ-
ing a layer structure which includes a storage layer including
magnetization perpendicular to the film surface, in which the
direction of magnetization is changed corresponding to infor-
mation, a magnetization fixing layer including magnetization
perpendicular to the film surface that becomes a reference for
information stored on the storage layer, a tunnel barrier layer
made from an oxide provided between the storage layer and
the magnetization fixing layer, and a spin barrier layer made
from an oxide provided contacting the surface of the opposite
side of the storage layer to the surface contacting the tunnel
barrier layer, and in which a low resistance region is formed in
a portion of the spin barrier layer formed with a predeter-
mined set film thickness value and storage of information on
the storage layer is performed by changing the direction of
magnetization of the storage layer by current flowing in the
stacking direction ofthe layer structure, the method including
a first step of stacking the magnetization fixing layer, the
tunnel barrier layer, the storage layer and the spin barrier layer
in order; a second step of stacking a first electrode layer on the
spin barrier layer; a third step of filling an insulating material
in the periphery of a structure body due to the stacking, and
working upper surfaces of the first electrode layer and the
insulating material to be substantially flat, or the upper sur-
face of the insulating material to project further than the upper
surface of the first electrode layer; a fourth step of removing
orthinning a portion of the first electrode layer, and a fifth step
of' stacking a second electrode layer on the first electrode layer
in which a portion is removed or thinned.

(16) The method of manufacturing a storage element
according to (15), in which the spin barrier layer is formed so
that the low resistance region is formed by the film thickness
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value of a portion thereof being set to a lower value than the
set film thickness value by thinning or removing a portion of
the spin barrier layer after a portion of'the first electrode layer
is removed in the fourth step.

(17) The method of manufacturing of a storage element
according to (15), in which a material with a higher reactivity
to oxide than the first electrode layer is used in the second
electrode layer, and in which the low resistance region is
formed by an oxide in a partial region in the spin barrier layer
being reduced by a portion of the second electrode layer that
is stacked in the fifth step contacting or approaching the spin
barrier layer by passing through or entering the first electrode
layer of which a portion is removed or thinned in the fourth
step in the film thickness direction.

(18) A magnetic head including a storage element, wherein
the storage element includes a layer structure including: a
storage layer including magnetization perpendicular to the
film surface, in which the direction of magnetization is
changed corresponding to information; a magnetization fix-
ing layer including magnetization perpendicular to the film
surface that becomes a reference for information stored on the
storage layer; a tunnel barrier layer made from an oxide
provided between the storage layer and the magnetization
fixing layer; and a spin barrier layer made from an oxide
provided contacting a surface of the opposite side of the
storage layer to the surface contacting the tunnel barrier layer,
and in which a low resistance region is formed in a portion of
the spin barrier layer formed with a predetermined set film
thickness value.

It should be understood that various changes and modifi-
cations to the presently preferred embodiments described
herein will be apparent to those skilled in the art. Such
changes and modifications can be made without departing
from the spirit and scope of the present subject matter and
without diminishing its intended advantages. It is therefore
intended that such changes and modifications be covered by
the appended claims.

The invention is claimed as follows:

1. A storage element comprising a layer structure, the layer
structure including:

a storage layer including magnetization perpendicular to
the film surface, in which the direction of magnetization
is changed corresponding to information;

a magnetization fixing layer including magnetization per-
pendicular to the film surface that becomes a reference
for information stored on the storage layer;

a tunnel barrier layer made from an oxide provided
between the storage layer and the magnetization fixing
layer; and

a spin barrier layer made from an oxide provided contact-
ing the surface of the opposite side of the storage layer to
the surface contacting the tunnel barrier layer,

wherein a low resistance region is formed in a portion of the
spin barrier layer formed with a predetermined set film
thickness value and storage of information on the stor-
age layer is performed by changing the direction of
magnetization of the storage layer by current flowing in
the stacking direction of the layer structure,

wherein the spin barrier layer is set as the low resistance
region by being formed so that a partial film thickness
value is a lower value than the set film thickness value,

wherein an electrode layer is provided on the surface side
of the spin barrier layer opposite to the surface that
contacts the storage layer,

wherein a portion of the electrode layer is formed so as to
enter with respect to the spin barrier layer in the film
thickness direction, and formed so that the film thickness
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value of the entering portion of the spin barrier layeris a
lower value than the set film thickness value,

wherein the electrode layer is formed by a plurality of
layers including a first electrode layer and a second
electrode layer that are stacked in order from the spin
barrier layer side, and

wherein a portion of the second electrode layer is formed so
as to enter with respect to the spin barrier layer in the film
thickness direction after passing through the first elec-
trode layer in the film thickness direction.

2. The storage element according to claim 1,

wherein an electrode layer is provided on the surface side
of the spin barrier layer opposite to the surface that
contacts the storage layer, and

wherein a portion of the electrode layer is formed so as to
contact the storage layer by passing through the spin
barrier layer in the film thickness direction, and formed
so that the film thickness value of the passage portion of
the spin barrier layer is a lower value than the set film
thickness value.

3. The storage element according to claim 2,

wherein the electrode layer is formed by a plurality of
layers including a first electrode layer and a second
electrode layer that are stacked in order from the spin
barrier layer side, and

wherein a portion of the second electrode layer is formed so
as to contact the storage layer by passing through spin
barrier layer in the film thickness direction after passing
through the first electrode layer in the film thickness
direction.

4. The storage element according to claim 1,

wherein the spin barrier layer is set as the low resistance
region by being formed so that the film thickness value is
a value lower than the set film thickness value in one or
both of a center region and a peripheral region of a film
surface.

5. The storage element according to claim 1,

wherein the low resistance region is formed by an oxide
being reduced in a partial region of the spin barrier layer.

6. The storage element according to claim 5,

wherein an electrode layer configured to have a plurality of
layers including a first electrode layer and a second
electrode layer in which different materials are stacked
in order from the spin barrier layer side is provided on
the surface side of the spin barrier layer opposite to the
surface that contacts the storage layer,

wherein the second electrode layer is made from a material
with a higher reactivity to an oxide than the first elec-
trode layer, and

wherein the low resistance region is formed by an oxide in
apartial region in the spin barrier layer being reduced by
a portion of the second electrode layer contacting or
approaching the spin barrier layer by passing through or
entering the first electrode layer in the film thickness
direction.

7. The storage element according to claim 6,

wherein the first electrode layer is formed using at least one
of Ru, Cu, W, Pt, Pd, Cr, TiN, TaN, TiC and ITO, and

wherein the second electrode layer is formed using at least
one of Ti, Ta, Nb, Zr, Hf and Y.

8. The storage element according to claim 1,

wherein the spin barrier layer is formed using at least one of
MgO, Al,O;, and SiO,.

9. The storage element according to claim 1,

wherein the set film thickness values is 0.6 nm or more and
0.7 nm or less.
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10. The storage element according to claim 1,

wherein the storage layer is formed using at least one of
FeCoB, FeNiB, FeCoC, FeCoSiB, FeAlSi, CoMnSi and
MnAl.

11. A storage device comprising:

a storage element that holds information through the mag-
netization state of a magnetic material; and

two types of wiring that intersect one another,

wherein the storage element includes a layer structure
including

a storage layer including magnetization parallel to a film
surface, in which a direction of magnetization is
changed corresponding to the information,

a magnetization fixing layer including magnetization per-
pendicular to the film surface that becomes a reference
for information stored on the storage layer,

a tunnel barrier layer made from an oxide provided
between the storage layer and the magnetization fixing
layer, and

a spin barrier layer made from an oxide provided contact-
ing the surface of the opposite side of the storage layer to
the surface contacting the tunnel barrier layer, and

wherein a low resistance region is formed in a portion of the
spin barrier layer formed with a predetermined set film
thickness value, and storage of information on the stor-
age layer is performed by the direction of magnetization
of the storage layer being changed by a current flowing
in the stacking direction of the layer structure,

wherein the spin barrier layer is set as the low resistance
region by being formed so that a partial film thickness
value is a lower value than the set film thickness value,

wherein an electrode layer is provided on the surface side
of the spin barrier layer opposite to the surface that
contacts the storage layer,

wherein a portion of the electrode layer is formed so as to
enter with respect to the spin barrier layer in the film
thickness direction, and formed so that the film thickness
value of the entering portion of the spin barrier layer is a
lower value than the set film thickness value,

wherein the electrode layer is formed by a plurality of
layers including a first electrode layer and a second
electrode layer that are stacked in order from the spin
barrier layer side,

wherein a portion of the second electrode layer is formed so
as to enter with respect to the spin barrier layer in the film
thickness direction after passing through the first elec-
trode layer in the film thickness direction,

wherein the storage element is arranged between the two
types of wiring, and

wherein a current flows in the stacking direction to the
storage element through the two types of wiring.

12. A magnetic head comprising a storage element,
wherein the storage element includes a layer structure includ-
ing:

a storage layer including magnetization perpendicular to
the film surface, in which the direction of magnetization
is changed corresponding to information;

a magnetization fixing layer including magnetization per-
pendicular to the film surface that becomes a reference
for information stored on the storage layer;

a tunnel barrier layer made from an oxide provided
between the storage layer and the magnetization fixing
layer; and

a spin barrier layer made from an oxide provided contact-
ing a surface of the opposite side of the storage layer to
the surface contacting the tunnel barrier layer, and
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wherein a low resistance region is formed in a portion of the
spin barrier layer formed with a predetermined set film
thickness value,

wherein the spin barrier layer is set as the low resistance
region by being formed so that a partial film thickness
value is a lower value than the set film thickness value,

wherein an electrode layer is provided on the surface side
of the spin barrier layer opposite to the surface that
contacts the storage layer,

wherein a portion of the electrode layer is formed so as to
enter with respect to the spin barrier layer in the film
thickness direction, and formed so that the film thickness
value of the entering portion of the spin barrier layeris a
lower value than the set film thickness value,

wherein the electrode layer is formed by a plurality of
layers including a first electrode layer and a second
electrode layer that are stacked in order from the spin
barrier layer side, and

wherein a portion of the second electrode layer is formed so
as to enter with respect to the spin barrier layer in the film
thickness direction after passing through the first elec-
trode layer in the film thickness direction.

13. A storage element comprising a layer structure, the

layer structure including:
a storage layer including magnetization perpendicular to
the film surface, in which the direction of magnetization
is changed corresponding to information;
a magnetization fixing layer including magnetization per-
pendicular to the film surface that becomes a reference
for information stored on the storage layer;
a tunnel barrier layer made from an oxide provided
between the storage layer and the magnetization fixing
layer; and
a spin barrier layer made from an oxide provided contact-
ing the surface ofthe opposite side of the storage layer to
the surface contacting the tunnel barrier layer,
wherein a low resistance region is formed in a portion of
the spin barrier layer formed with a predetermined set
film thickness value and storage of information on the
storage layer is performed by changing the direction
of magnetization of the storage layer by current flow-
ing in the stacking direction of the layer structure,

wherein an electrode layer is provided on the surface
side of the spin barrier layer opposite to the surface
that contacts the storage layer,

wherein a portion of the electrode layer is formed so as
to contact the storage layer by passing through the
spin barrier layer in the film thickness direction, and
formed so that the film thickness value of the passage
portion of the spin barrier layer is a lower value than
the set film thickness value,

wherein the electrode layer is formed by a plurality of
layers including a first electrode layer and a second
electrode layer that are stacked in order from the spin
barrier layer side, and

wherein a portion of the second electrode layer is formed
s0 as to contact the storage layer by passing through
spin barrier layer in the film thickness direction after
passing through the first electrode layer in the film
thickness direction.

14. A storage element comprising a layer structure, the

layer structure including:

a storage layer including magnetization perpendicular to
the film surface, in which the direction of magnetization
is changed corresponding to information;
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a magnetization fixing layer including magnetization per-
pendicular to the film surface that becomes a reference
for information stored on the storage layer;
a tunnel barrier layer made from an oxide provided
between the storage layer and the magnetization fixing
layer; and
a spin barrier layer made from an oxide provided contact-
ing the surface of the opposite side of the storage layer to
the surface contacting the tunnel barrier layer,
wherein a low resistance region is formed in a portion of
the spin barrier layer formed with a predetermined set
film thickness value and storage of information on the
storage layer is performed by changing the direction
of magnetization of the storage layer by current flow-
ing in the stacking direction of the layer structure,

wherein the low resistance region is formed by an oxide
being reduced in a partial region of the spin barrier
layer,

38

wherein an electrode layer configured to have a plurality

oflayers including a first electrode layer and a second
electrode layer in which different materials are
stacked in order from the spin barrier layer side is
provided on the surface side of the spin barrier layer
opposite to the surface that contacts the storage layer,

wherein the second electrode layer is made from a mate-

rial with a higher reactivity to an oxide than the first
electrode layer, and

wherein the low resistance region is formed by an oxide

in a partial region in the spin barrier layer being
reduced by a portion of the second electrode layer
contacting or approaching the spin barrier layer by
passing through or entering the first electrode layer in
the film thickness direction.
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